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Transport behaviour ( f lu id i ty , pf • reciprocal of 
v i scos i ty . 7^ ! and e lectr ica l conductance, measurements 
of several molten sa l t systems were made as functions of 
temperature and concentration. The f lu idi ty and equivalent 
conductance data were least-squiares f i t tedto the theoretical 
expressions based on the free volume, the configurational 
entropy, and the environmental relaxation models. The intrinsic 
volume, V^  and the ideal glass transition temperature, T^, 
were found to be anaitiv« in nature. The concentration 
dependence of f lu idi ty and conductance data were quantitatively 
explained in terms of the modified equations, 
Y ( . 0 o r A ) - (A;ylQ;yN)(^C(T^(^j t ^y^)]"'^ 
«PC-VU^(o) i W^ ^^ -^ ^^ ^ 
and Yi" 0 ox/\) « (A^ +. ^^Ji) «xp[-k2y/{_ 
essentially based on the free volume and theconfigurational 
entropy models, respectively, by accounting for the concentration 
dependences of the corresponding pre-exponential terms of the 
two models and the glass transition temperature. The parameters, 
A^y aad A^y are the pre-exponential terms for the pure component; 
Q. and U' are the corr«sponding slopes of the plots of A 
versus concentration, N in inol^ ; T^/ j is the ideal glass 
transition temperature of the pure component; Oj ^^^ ^ 
are similarly the slopes of the T^ versus N values; and C 
is the constant ratio of the T A - * 
' The concentration dependence of the parameters 
Involved in the expressions has been discussed and the 
thermodynamic nature of T and V values emphasized. Linear 
dependence of the pre-exponential term A on the glass 
transition temperature, T has been proposed. In addition, 
it is important to find a linear inter-dependence of the 
two thermodynamic quantities, T^ ^ and V , 
The activation energies for the viscous and the 
conductance flows were obtained from the fret volume, the 
configurational entropy, and the environmental relaxation 
models. The ratios of the activation energies, E^/E/^were 
found to be greater than unity. In the light of the 
confic^rational entropy and the environmental relaxation 
models the species participating in the ionic and the viscous 
flovi^  were considered to be the same except that the 
availability of such species for the relaxation was different 
in the two c«s«t* Such a conclusion was b«s«d on th« 
ciiff«r«nc« in the ranges of interaction in ths two 
procsattt. 
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^^ Q T^fVvT 
Trfinsport behaviour ( f lu id i ty , ^ • reciprocal 
of v i s c o s i t y , ' Y f ; and • U c t r l c a l conductance, A measure* 
nwnta of several molten sa l t sy$t«ms vfere made aa 
functions of temperature and concentration. The f lu id i ty 
and equivalent ccMnductance data v/ere least-squares f i t ted 
to the theoretical expreasiont based on the free volume, 
configuratlonal entropy, and the environmental relaxation 
models. The Intrlnalc volume, v^ and the Ideal glass 
transition tenperatuxe, T ,^ were found to be additive in 
nature. The ccmcentrati<Mi dependence of f lu id i ty and 
conductance data were quantitatively explained in tertos of 
the modified equ<itions, 
Yt. »2J or A ) - (A;y 1 ^ i / ^ ) t U ^ ( o ) i ^4y^^)!^ 
and Y<« J< or A ) » C^ ^^ y 1 *^iy^ ^^  
e ssent ia l ly baaed on the free volume and the confifurational 
entropy models, respectively, by accounting for the concen* 
tratlon dependences of the corresponding pre»expo<ientlal 
terfim of the two models and the glass transition tecper&ture. 
Th« paraatt^rs, A end A* ar« th« pr««exponential 
t«rms for the pur« coinpon«nti -*. and v^ ' ar« the corres-
ponding 8l<^es of the plots of A versus concentretion, 
N in mol i T^ ( Q\ i* the ideal glass transition tempe-
rature of the pure coi^onent; .^ j »f*<i '•*Q ^^^ s iodlarly 
the 9lope« of the T versus H values; and ^ i s the 
ca\ttant rat io of the T A ^ » 
The concentration dependence of the parameters 
involved in the expressions has been discussed and the 
thermodynaaie nature of t^ and V values enpjiasized* 
Linear dependence of the pre-exponontial tens A on the 
j lass transition teraperature, T has been proposed. In 
addition, i t i s important to find a linear inter-
dependence of the two thenaodynttmic quantit ies , I and 
V 
The activation energies for the visc<His and the 
conductance flo»i» were obtained front the free volume, the 
confifurational entropy, and the enviroraoental relaxation 
models. The ratios of the activation energies, £07/EA 
were found to be greater than unity. In the l ig^t of the 
configurational entropy and th« environmental relaxation 
models the species participating in the ionic and the 
viscout flows wer« consid«r«d to b« th« sane •xcept 
that th« avai labi l i ty of such spades for tha ralaxation 
was differant In tha two catas« >^uch a conclusion waa 
based on tha difference In the ran^M of Interaction in 
the two processes. 
G«fi«r«l XntroduGtion and (^^ptrUMiital 
iimmi^-..JMj:imi^MiM 
A Il<4uidi may s o l i d i f y oy cryf i ta l iz ing os i n soffl« 
c a s e s , oy under coo l ing to an a{nori>hous r i g i d or g l a s s y 
atattt. '«^v»raL molten s a l t s by-pass the ir resp9ct iv« 
meltin9 points cm cool ing stnd form supercooled Liquids 
provided c r y s t a l i z a t i w ) does not In ter fere . I t has fo©»n 
s!««n that a l l th« l iquids may i;up«rcool leponding upon 
th« nature of c r y s t a l l i g a t i o n k i n e t i c const«<nts, rate of 
cool ing and soeie other th«»rmodynair)lc factor^. /. low 
temperature l i m i t on the l iquid fitate exist«; which l i e s 
above )^ K «Jnd leads t o a ground s t a t e for the aworphous 
packia^ on further coolin9« The temperature charactar-
i s t i c of th is ground s t a t e i s known as the tjlass trant^ition 
te»perature, T , i s lower than the frwezlng point of the 
l i q u i d , 'uch a t r a n s i t i o n i s characterized by a sudden 
d€>cr&ase in the in tens ive th^rt&odynamic properties such 
as the ht»at capac i ty , the expansion c o e f f i c i e n t and the 
compress ib i l i ty . In the tenperature reyion where these 
changes occur the f l u i d i t y decreases many order of tab^ni-
tude t o a value of < IC" ' poise" rapid ly , but not 
d i s o n t i n u o u s l y . In otherwords, such a behaviour of g lass 
transl t icm i s accofspanied by a rBpid increase in the 
v i s c o s i t y to the order of ir poise and a decrease in the 
conductance i s almost xero. Therefore, the v i s c o s i t y and 
the conductance measurements of the !iU|i rcooled l iquids 
and tha melts rttcoritod at several t«aip«rdtuxtt& help in 
underatandimj the mechanism of these flows. These 
meesurements «re helpful in (Staining ^ « value of the 
ideal glass transition temperature, T ,^ of a particular 
liquid. The value of T^ h*s generally been f'>uncl to be 
approxl»«tely 10 to O^*'* less than the experimentally 
determined value of T • This fact i s due to the absence 
of an experimental technique vtith inf in i te ly slow rate 
of cooling. 
Temperature dependence of the transport properties 
of molten salt systems has bt^ ^^ n explained in terms of 
'.rrhenius ^a well a& non*<vxrhenius equations. <% modified 
equation based on the free voluae concept was found to be 
feasible in expl«ininr| the concentration dependence of 
visccMitles and e lec tr ica l conductances, hventhough the 
Vogel-Tamman-rulcher equation has been wiaely used in 
explaining the transport behaviour of Rsoltisrn s a l t s , 
re lat ive ly let^s familiar equatiems based on the cooperative 
rearrangement and the envSroranental relaxation models 
hdve also been employed for the saise purpose. 
in onier to understand the re lat ive significance of 
these equations in explaining the teeiperature and concen-
tration dependences of the transport properties of molten 
s a l t s , zinc nltrat© h«xahyrirate • cadmium nitrat* 
tetr^ydrata, zinc nitrata hsxahydrata-sagnasium nitrata 
haxahydcatat cadmiun nitrata tatrahydrate«mdi)n«8ium 
nitrata haxahydrata and tine nitrata hexahydrata - watar 
systama i^ are taken for such an investigation* 
* * • • • « . 
^m^iApfq^ 
*^ ChftwlceU. Magneslura nitrat* hexahydrat* (BDH), 
cadodun nStrata tatrahv^ratv H:Af:i!IM (1/ .ia) , and 
zinc nitrat* hexahydrat* (BUH) wt»r@ used for tha 
pr«f>aratlon of th» satsplas. "'urlflad qulnollna (HI 
lUcLUE HAN/iG£ r;£-I^t£ H/u<riOVi:a) M8S US«d «§ t h a 
refaxanca liquid fox tha dataxmination of v i scos i ty 
of tha sanpla. Standard aolution of ^ l A as a t i txant 
waa uaad fox tha astlmation of watax contant»» 
S» Pxapaxation of r>ampla&^ « Vtalghttd ataount^ of tha 
appxopxiata eolventa war* takan in sevaxal aix t i9ht ly 
cappad glasfi ti^as placad in tha jackata iRiroaxsad in 
tha thaxaostated giycexol bath maintainad at tenpexatuxa 
appxoxiiaataly 10** abova the malting point of tha 
xaspactiva solvants. Tha dasixad aaount of the solutaa 
vmxa addad to tha moltan solvents* Tha mixtuxa was 
haatad fox $ev»xal houxs unti l a clear solution was 
obtainad. Savaxal samplas of diffaxant concantxation^ 
wara timilaxly pxapaxad. The pxepaxation of tha sanplaa 
W9X9 caxxi»d out undax an atmosphaxa of puxa and dxy 
nitro9#n. Th» prep^xttd saoplas ware than kapt in a 
vaciAia da sice at ox* 
Moltan tnixtuxas of (a) zinc nitrate haxahydxata» 
cadsiiHS nitxata t#txahydxata, (ll) cadnduas nitrate tetrahydr 
magnesiWR nltrat* hexahydrate, (c^ zinc nltrat« 
hexahydratt-ffiagnesliMi ni irat* h«xahydrat«, and (d) 
zinc nitrat« h«xahydrate-vt«ter V)«r« prepared. 
The solutes , cadmiufn nitrate tetrahydrate, 
iuBi nitrate hexahydrate \vere found to go into 
solution to the extent of 01.7, 59,0 and 31.bt) mol 
percent, respectively, in the above systerasi. 'A*ter 
on the otherhand was added only upto o. 81 HJ > «ol, 
to zinc nitrate hexahydrate fox^ the aqueous i ielt . 
^» T.ePPayture ^ ontrol. In order to awintain a uniform 
and constant temperature throughout the measurements, 
the pycnometer, the viscoraeter, And the conductivity 
c e l l <^re immersed in a th«riR0ttated glycerol bath. 
The bath consists of an imoersion heater (250 w,check 
and contact therajouietert [ T K. 4850 NAV • 0 . 0 3 A « 250V 
(Cx. rt)l and a s t i rrer . AAI these were iRWjersed in a 
large corning glass container of glycerol, A relay 
JuBso type NT li>. 0, 770*si iS/t ( jerraany) was used to 
control any thcfriaal variations. The overall temperature 
s tab i l i ty was within 1 CI**. 
* , . > . pensjt:^ iiensity measurements ««ere made using a uilato> 
meter of approximately 5 ml capacity vvith graduated 
8 
stem of C.n ml divisions. The graduated stem of 
the pycncxneter M«« calibrated by using pure 
quinoilne whose densities are knonn as a function of 
temperatura and it of the type 
d^ •« A 4 Bt * tt * ^ t^ 
where d^ is the density at the temperature t (^ 'O, 
/\,B,C and D are the known paraiaeters. The exact voiune 
betw@an the two succesalve divisions of the pycnometer 
as well •*& thd total volu»e «vere determined. The 
isolten samples were transferred to the c^i libra ted and 
already wei9httd pycnora^ter with the help of vacuum 
pump. The wei^t of the saffiple was determined by 
difference. The pycnometer was Inmersed in a thenno-
stated glycerol hath. The changes in volume were 
recorded as a function of temperature. The densities, 
the coefficients of thermal expansion, and the molar 
volumes were computed from such volum* changes at 
required temperature. 
5 
'• Viscotlty. Cannon-ubbelohde viscometer was used for 
the viscosity mea8urem«'nt». The viscometer consists 
of three parallel tubes, i.e., receiving, measuring 
9 
and auxiliary tub«s, f i r forming tho su«p«nd«d lev^l 
arran9Mn«nt in triangular fashion (Fig. l a ) . The 
receiving tube forns a *U' with the measuring tube 
through a bulb u. Bulb M and 8noth«r fiducial bulb B 
• Lightly below the former vmf sealed to the measuring 
tiA>e. Two f iducial marks, a and b on the two sides 
of the bulb were used for recordinrj the efflux time of 
the test liquid. The auxiliary tu^e was sealed to the 
receiving ttAie throu^ a bulb C. In between the bulbs 
B and C there l i e s the capil lary of appropriate length 
and diaiseter. I t was designed in such a way so that 
(1) the centre of gravity of the three bulbs . ,B, and C 
were aligned vert ica l ly to reduce the effect of acce-> 
leratlon due to gravity and (11) the resulting efflux 
time for water set above eighty seconds, depending upon 
the dimensions of the vlscoiBeter used. These measures 
resulted in minimising the experimental errors. 
'tpecial features of a suspended level viscometer 
was that the capil lary effects of the two liquid 
surfaces were neutrallz«rd by each other so that the 
surface tension correction for the apparatus was negl i -
gible «knd the transport of moRentuai was carried out 
freely under the weight of total volusie of the t e s t 
(b) 
F fg .1 . (a) CANNON-UBBELOHDE TYPE VISCOMETER 
(b) CAPILLARY-TYPE CONDUCTIVITY C E L L 
11 
llCHiid. >v«rall accuracy of the v i scos i ty measure* 
ments by suspended level principle was estimated to be 
better than 1 2,5 percent. The viscometer w»aa f i r s t 
thoroughly cleaned with chromic acid and dried before 
i t was clamped in a vert ical position in the then&o-
stated glycerol bath and then f i l l e d with the required 
amount of the liqiuld. The volume of the t e s t liquid 
taken in the viscoBieter was siufficient «nouc|h ;«o that 
no air bhA>ble enters into the capillary tube during 
t^ te course of transfer of the liquid to the f iducial 
bulb 3* The open ends of the viscometer were connected 
to the clipped ri^ber t^ jtoen the open ends of wiAiich 
were connected to the calciuiB chloride tubes in order 
to avoid the 4d3«Qrption of atmospheric moisture by 
the sanple. In order to attain the thermal honojeneity 
the visconeter containing the saraple was allowed to 
stand in thertsostated glycerol bath for about 30 minutes* 
The sample was then sucked into the bulb a with the 
help of a vacuun pump and allowed to stand there for few 
minutes by closing tiie openings of the calciian chloride 
tid>e with r^ber corks, the rubber corks and the c l ips 
were rereoved fxtm the tubes and the time of f a l l of the 
sample from the upper f iducial mark 'a* to the lower 
12 
mark *b* was recorded for three to four times with 
the help of a stop wstch. The mean values of these 
measurements were rec<>rded et a set temperature. 
The time of fall of the purified quinollne was 
also measured at several required temperatures. Knowing 
the densities and the viscosities of the reference 
liquid, the viscosity of the eielt was calculated using 
the expression. 
^ •<W'?S''^5 
where 111, P^. and t, refer to the viscosity, the 
density, and the tinie of fall of the component i. The 
viscosities of molten salt mixtures were thus determined 
over the temperature range 298-383^. 
*^ Conductance. The measurement of electrical conauctance 
was made by a Philips leodel ia 95C0 conductance bridge 
and capillary type cell (rig. lb) of high cell 
constant value. The conductivity cell is made of the 
corning jlass and the platinum electrodes. The 
electrodes consist of platinum plates sealed into glass 
tube in which mexcury is placed to make electrical 
contacts. The two electrodes are properly fixed into the 
13 
two ilBtos of « *U* 8hap«d corning glass tube having 
a capillary at i t s lowar and. A standarti daclnonMiI 
soiutlan of potassiun chlorido w&m us«d for dotermirw 
ing tha c e l l constant and was found to ba 730,4 cm" 
at 40^C, 
Tha alactr ical rasistanc«s of tha malts <Mxm 
recordad ©t sevaral tamparaturas in tha thaxmostatad 
bath mantionad abova. Tha equivalent conductancas 
«ivara c^tainad as usual, ror this pur^>oaa, tha malt 
was transfarrad to tha *U* tuba aftar xamoving tha 
alactrodas froro tha two lisibs. Tha «loctrodaa M^T* 
than r#plac«d into tha l iobt of tha capil lary c a l l 
so that tha platinum f o i l s may dip into tha nalt . Thtr 
platinum trlactrodas vi^ xa fixad air t i ^ t l y into tha 
limbs in ordars to avoid tha i^soirption of moistura by 
tha sanpla during tha conductanea m^asuramant* car» 
was takan to ramova any air bubbla sticking to tha 
surt'aca of tha alactrodas or trappad in tha capil lary. 
5. Computational Mathod. Tha least-squaras f i t t i n g of tha 
f lu idi ty , t^, and tha aqulvalirnt conductance,J\_, d«itta 
to tha thaor«tical exprasslons basad on tha F.V.M, tha 
/.. J.M» and tha :.H.W vvara Piada on ^n IBM 113C computar. 
' ith tha help of FITUH subroutina prograBHna diffarant 
14 
sets of values for the parafn«%«rs of the desired 
equati(m are fed Into, the computer. The beat fit 
values of the parameters were obtained by repeating 
the pr<>ce6S until minlmun standard deviations are 
obtained. 
'i-•*•'>!••% 
Applic<tbllity of Th« Pr»« VoIuiM Mod«i to 
Th« Transport Behaviour of Hydr«t«il fMlta. 
16 
ptntroduct^off. VlscMlty Is on« of th« inportant and 
most comncmly measured prop«rti«s of liquid syst«es* Tha 
natur* of variation of this property < i^th taiaparataro 
has draim mucK attontion of tha invastigators. >p«clally, 
tha tanparatura dapandanca of v i scos i ty in tha low 
taaparatura ration i s of major intarast . Usually, tha 
taaparatura dapendanca of v i scos i t ias of liqMids as «M»11 as 
nalts at hlv|h tataparaturas vmtm axaninad by ^vxrhaniua 
typa of aquation, 
yi^ • A' «xp ^is/iT) • . . (1) 
^lara ir^^ i s th« v iacos i ty , A i s an anpizical constant, E 
i s tha activation anargy i\*mi94 for tha viscous flaw, H 
Ss the (jas constant and T i s tho tamparatura in Kalvin. 
This aquation* hou«var» fai la badly whan «tppli«d to 
v iscos i ty bahaviour in tha low taaparatura racjion. This 
failura i s du« to tha taaparatura dapandant /vrrhanius 
coafficiant txt tha activation enar9y for tha viscous flow* 
During inv«»$ligations at low tasiparaturas i t has 
baen obsarvad that soiaa liquids as wall as is^lt undargo 
suparcooling )<$fithout the intarferanca of crys ta l i ta t ion . 
^^ch liquids which hava by passod thair editing tafsparaturas 
ara kno^n as suparcoolad Liquids, Thasa suparcoolad liquids 
17 
on further cooling undergo a transition to th« amorphous 
or glassy phaso. Tha t&mparatura at ««hich thla transition 
occurs Is called as tho jiass transition t«n^araturo, T • 
if 
vacant Invastl gat Ions at vary low tanparaturai* hava 
rav^aled furthar that an Arrhanlus type of v i scos i ty 
bahavlour racurs at glass transit ion tamparatura. Tharafora* 
i t i s an astablishad fact that tha tamparatura dapondanca 
of v iscosi ty of llcfulds i s of thraa kinds, v i z , (1) tha 
high tamparatura />rrhanlus bahaviour followed by (11) a 
nonxixrhenlus behaviour at intarmadlata teiaperaturas, and 
f inal ly aracHintlng to i i i l ' tha rvrrhenlus behaviour again 
in tha region* 
?roBi past several years* attempts ^mrm being made 
to describe the non->r4:rhenlus ten^eratura dependence of 
v iscosi ty . The free volume available within the liquids 
i s the Important factor to comprehend as apparent from 
the expressions of kM leod, Batchinskl and HlldiHarund 
for the viscosi ty of l iquids, Batchinskl'* considered that 
the pr^>«r indepencent variable to («*\lch the v i scos i ty of 
a liqMld should be related i s not the temperature but the 
specific volume, i . e . , the v i scos i ty of llHMlds is 
governed by the free volume rat!ier than the teoperoture, 
although free voluise Is a functl«m of teifiperature. The 
18 
experimental data on v iscos i ty are considered to be 
fr(»<|uently described by the expression, 
1f^ ^ • 3 / ( v - b , . . . (2} 
Mhexe B and b c»re constants» the lat ter term bearing 
soiae analogy to the Co-volume of Vender ^/aals equation. 
This expression h^s been applied to soeie ei9hty organic 
ii(|uiids except in the cases of associated IKiuids. This 
equation has be^n found to represent the experiatental 
data over a temperature range of about ICO ,^ The rate 
of free volune In the molecular transport wes a l to 
stressed in the "hole* theories of Prenkel and of fiyrlng 
And his ass<^iatea. 
.'-^ auleod su^jqested a physical model and arrived 
at the same conclusion as that of Batchinski. It was 
considered that the v iscos i ty should be a function of 
the free space available to the flo««ing ent i t i e s »»ithin 
the liqiuids showin9 high v i s cos i t i e s in ¥#hich increase in 
the interstolecular forces result In decreasing the free 
space in the liquid. This tA^ ilL cons eminently lead to an 
increase in the viscosi ty . It w«s assuned that the 
viscosi ty of a li(|uid depends up<m a factor characterist ic 
19 
ot th« licMld *nd ulso on a factor involving th» 
«v«ll«bU fr«» space in the il^iuld at « ^iven Ump«ratuc«. 
(vittCleod't expression re l s t ing the v i scos i ty and the free 
space i s of the foam 
'T^*^ • B . . . ( 3 ) 
where A and 3 are constants and x i s the free s(Mce per 
unit voluoe. h in the above expression i s close to unity. 
Therefore, we eay write the free space in the liquid as 
the specif ic volune einus a constant {^^b' ) «nd c^tain 
the saeie e<|uation as that given by Batchinski* 
T^ m B/x'^ • B/'v-b')A . . . (4) 
Batchinski and ii^ iacleod studied in detai l the 
ma^itude and propertiet of the free space i»«ithin the 
li«Mids and also the constant 3 in e^MstionsCa) ami (4) . 
They assuaed that the variation of f lu id i ty with volucw 
at constant pressure i s of the fora* 
/ d^ , 
a 
The fluidity of the liquid depends on the free 
space »nii also on the size of the flowing entity. If the 
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fx»« spac* of thtt two Uqiiids increast by th« MBtm anmint 
on incxtt«is« the t«op«ir«tus9« on« nay •xpwct that th« 
lit l i id with 8ffiall«r unit of flow to shour a 9M?«at«i- incraata 
in th« f lu idi ty than tha liquid with larger unit of flow. 
^••ping this viaw an axpresaion enay b« writtan aa 
(•g^ )p'K, i /( size of flowing entity) 
or (g» ) • b c< aiza of flowing antlty 
Tharafora. B ahould ba pr<^>ortional to tha s>lxo of the 
flowing entity rather than tha molecular «wi^t« Ihaaa 
laat two quantitiaa ara not nacaesary proportional* 
According to FOK and Flory tha glass transit ion 
teaq^teratura i s a C9nsa<«jence of the dacraaaa in the free 
volume of the liquids below c r i t i c a l value. Hec&ntly, 
Hildebrand^ modified tha Batchinaki expression for 
v iscos i ty and the resulting expreasi<Mi i s of the form 
M e^ra B ' i s a constant, V i& the molar volume and V^ ia 
the conatant voluaa at which the laoiecules are so c lose ly 
pdcked «s to prevent viscous flow and is t#rmed as tha 
intrinsic voluna. All the abova explanations based on 
the free volume nodal fai led to explain the transport 
behaviour of liquids and oi molten sa l t systems at low 
temperatures, in the case of supercooled l icuids the 
21 
v l tco t i ty show non»Arrh«nlut bvhavlour, ! • • •» th« 
activation •n^rtjy changes with t«np#x«tur*« In th« 
cas* of highly associated llqMlds the above expresslcms 
were fourKi to be InadetUiate in explaining the variation 
In viscosi ty with teeperature. In order to account f'9r 
t h i s , Dooli t t le 8u<9gested an eapirlcaL free volume 
expression which explains accurately the v i scos i ty data 
in the non-Arrhenius tenperature region. The f lu id i ty 
13 
expression given by Dool i t t le i s of the type, 
j^ - VV - A_j^  expf- a'vyv^] . . . (o) 
w^ere H and B* are c<matants, V^ i s the l imiting specif ic 
volune of the liquid at o ^ and V^  i s the free volune 
defined as 
I O 
where V is the specific volume. Therefore* the equation 
(6) may be modified to 
J^J • A^ exp[-k^/{V.V^)] ... (7) 
where A, and k, are empirical parameters and '/ i s t i^e 
intrinsic voluate. Free volume may also be represented as 
Vx • O.C2t> V^  • <(T»T„)V 
* Vi 9 9 
ox V^ m Vg[(,025 + °<.(T-Tg)] ^ere V is the 
volune at the glass transition teeperature, T and o( is 
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th* dif f«r«nc« b«tw»«n the th«m«l •xpantion co«ff Iclcntt 
of th« liquid and th« g lMt . I t has be«n a l to obsarvad 
by v i l l iamt, Landal and Farry^ that tha ralaxatlon tiawa 
for a larga nuidaar of glaaa forming aubatancaa ara daacrlbad 
by tha Ooollttla •xpraasion in tha glaaa tranaition ranga. 
Latar on, Cohan snA TumibulL obtalnad an axpcaaalon 
fox tha salf diftualoci coaff lc iant , aasantiai ly of tha 
Doolitt la typa aquation ( 6 ) , basad on tha theoretical back-
ground kno^ m a» tha frea voluaw modal. Tha def init ion of 
V given by Uool i t t la has accordingly bean corractad by 
Cohan and lurrOmll <&n tha specif ic volume at the glaaa 
tranaition tanperatura. According to than tha molecular 
transport in lic|ulds i s due to the diffuaiva displacenant 
of siolaculaa moving with tha gat kinetic ve loc i ty , u into 
the voids wdth a sixa greater than t(Maa c r i t i c a l vaUia. 
Dwing to the fluctuation in the density of nolaeulaa which 
are confined moat of th» time to cage bounded by their 
neighboura is responsible for the formation of voids. Tha 
diffusion coeff ic ient , D MQS asautaed to be proportional to 
tha probability of finding such a void of c r i t i c a l s lra 
i&n4 also an exponential function of tha rat io of c r i t i c a l 
void volume to the total free volume. Therefore, tha 
resultant equation detained for the diffusion coef f ic ient , 0 
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l i of th# typ« 
or D • 9»(3kT/»)^' • x p [ . N v V ' < V ' ' - ' ^ o ^ ] • . . ( » ) 
wh«r« 9 1« a 9«on«tric factor, « tK« juiap dlttanc* and 
ift alaost tMual to th* mol«cular diaflM»t«r» u th« ^as 
klMtie ve loci ty , 'N/ th« muwrical factor introduc«d to 
corract th« ovarlap of the fraa voluoMt, V is th« c r i t i c a l 
void voluaa juat lax9« •nough to pamit anothar isolacuJla 
to jump in aftar tha diaplaca»«nt of th« f i r s t aol«cula» 
V£ la th« total fraa voluea, c< the avaragi* coaff ic ient 
of th«r«al axpanslon* V th« n«an aolacular voluma and l 
i t th» temparatura at which tha fraa voluma disappvars. 
Th« fx&e volunv modal •qua!ion of Coh»n and 7Urnl>ull was 
modlfiad by Angall using Narn«t-£in«t«ln and " t^oka-
Hinat«in ralatloniP In the abovo •xprassion. By making 
uaa of ^aaa relations ngall tranafonaad the ^ohan and 
Turnbull*s e«|Liation for molecuLar diffusion in liquids 
into that for other transport properties such aa f lu id i ty 
16 
and e«|iilvalent conductance. Finally. Angell'^ arrived at 
an equation of the fors 
Y(» ^ or A) + n^r^ exp [ - k y / d - T ^ ) ] . . . (9) 
¥M9J9 hy and ky are the pararaetears character is t i c of the 
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chaenical system and the tx^antport procetset. The 
param*t«rt A and k ax» d«fln«KJ as 
H . 9« (3Ka)'*. k •'SvVo<,V^ 
Th« p»xmmt9x, T^ is • constant characteristic of the 
cheiBlcal system alone provided the external pressure is 
held constant. T^ has be^n called the lero mobility 
or "idedl glass transition tewperature" «t the specified 
concentration and interpreted as the temperature below 
\tfhich no furthier change in Intern^^l energy by raear* of 
rearran9esients of particles into configurations of lower 
potential energy are possible. In most of the cases 
where the glass transition can be observed as an 
experimental phenomenon th« transition temperature, T is 
found to lie some 5 to 10^ above T^. 
LA«mfMliLtJlS!!LiL«fN^^ n^el I ^ ^ 
has modified e<)u*tlon(9) into an isothermal form by 
assuming the parameters A and k A% concentration imiependent 
and by accounting for the linear variation of T^ with 
concentration. The concentration dei^ >^endenc« of the glass 
transition temperature, T may be ««ritten as 
o^ - ^o(o: i 4 / 
where T^ (<,) 1« the value of f^ for th© pure solvent and ^ 
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i« th« tlop* of plot of T^ against concentration, N. Th« 
ratuitlng Isotharnal txprtttalon iMant for axplalnlng tha 
concentration dapenc3ence of the transport behaviour i« 
given at 
Y - A^r'^ »xp[[-ky/M(N^.N)] ,.. (10) 
in which M U the slope of the linear plots of T^ against 
concentration, N, and N is the characteristic concen* 
tratlon at which the isotheroial tenperature, T becomea 
the ^lass transition temperature of the tysten* 
/m9eU*s isothermal equation(IO) has recently been 
BOdified by accounting for the concentration dependence 
of the pre-exponential ter« A (• ^  or A ) of eqMation(9), 
The concentration dependence of A may be represented at, 
y^ " ^iy t '^ l/ 
in which ^.^ i t the value of >% for the pure solvent and 
Li, i s the slope of the i\ versus concentration, a, p lots . 
The reaulting eiodified eqM«tion is of the forta. 
In view of the Uialted appl icabi l i ty of ec|iation(XO} 
and ( l i ) in explaining tha concentration dependence of 
many glass forming melts the concept of comtant T/t was 
incorporated in arriving at an equation of apparently 
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9«^n«ral aopllcable to such systeeui. Thus tho r«8ultin9 
•xprtfstion efts«nti«Ily bated on e<|adtlon(9) i t r«pz*s«nt«d 
as 
Y { ^ or A) - ( A ; ^ ! ^^^) \^ C{T^^ 5^ * -^y^^f ' 
•xP[-ky/^(T^^^j:t. M y^N) ('-.-1)1] • . . (12) 
iih«r« H i s tha concantration in nola parcent and C»r/I^ 
as a eonatant. Tha concantratlon dapandonca of f lu id i ty 
and a<|uivaLant conductanca haa boan axplained by laatt» 
•iiuaras f l t t in9 tha data to tha abova aquation( 12). rha 
applicabil i ty of «(|uatlons(9) «tnd (1?) in axplaining tha 
tanparatura and concantration dap«nd«ncas of tha maasurad 
transport bahaviours of tha syetains undar Invastlgation 
has b?«n examined. 
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i i t«i l i^ fM ^;^»igmfl«l« Th« ^asurtd d»i»ity of ca4iaiua 
nitrat* «t 25^ h«s b»en found to b* 0.17 p«rc«nt lovwr 
than that reported by dwinq and Horty. * Density h«« 
been found to be very sensit ive to the water content of 
the hydrated sa l t and therefore the water of cryeta l l lzat ion 
of cadiuiun nitrate tetxahyiirate has been fcut^ to be 4 .10. 
The exact values of the ra t io i\J>/u<^*^ on the other hand* 
'H9xm ettitcated by the B>TA t i tra t ion and are found to be 
&»13 and 6.16 for two samples of hydrated magnesiuiB nitrate 
taken from two different bot t les . In the c<£se of zinc 
0%. 
nitrate hexahydrate the actual values of HJ"i/:,n have 
been determined voluiaetrically usin^ a standard solution 
of a)TA as a t i trant and are found to be 6.16 and 6.17 for 
the two samples, VIE. , (a) .:M^^^^i>^\lt^\.^^^^<i{\^:'^^^^»hi^'>, 
(b) n^C^CJ^ )^ .*?. 17iy) -riq^Wy^^ii.mi^ systems, 
respectively. 
uenslty data for each melt were least-squares f i t ted 
to a linear function of the form, p • a-bT (**K... The 
best f i t paraiiieters of this equation are given Tables 1 ana 
2. Ih« carreaponding »olal volui^es, V^  f l i t t e d in 
Tables 1 and 2]for each melt vmx% calculated from the 
relatlonship.Vj^* Y. Xj^ ^ /^/^  wtiere ,»i ^nd U-\ stand for the 
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mol« fraetion 'Und thd molecular w«igiht of th« sp«ci«t i 
v^ll* i s tha density of th« solution* 
Th« noasuxed v iscos i ty snd conduct«nc» ddta for 
c ci\ HO*) J. 4. lHjO cHff«jr by r^  7 and '-^3 p«rcttnt,re«p«ctivaly, 
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^«n comparsd with thos* reported by Mo< i^h«n for 
Cd(ii<)3)2.4,cm^2 '• *^^ *^ ®*y '^ ^ • t tr lbute ta the difference 
in the weter content of hydr«ted sc>it in the tt»o cases* 
The f lu id i t i es and the conductances of the melts under 
investigation are found to decrease with incresse in 
concentration of the respective solutes except in the case 
of Zn(N J«)2««»«??-H2 ' systems as app«trent froffj the conductance 
and f luidity Isotherms ( F l a r e s 7. and 3)* Such a decrease 
in the vslues of f lu id i ty and conductance data with 
increase In concentration of respective solutes may be 
attributed to an increase in the compactness of the systems 
under investlgaticm. The increases in f lu id i ty and 
conductance Uata for the system, ..n(iM)_) .^t>»22fj O-M 0 way 
similarly be explained, in other Mords, the conp&ctness 
of the System has been founu to decrease due to the 
addition of water molecules in the systea,^^nC^O-)«•»>• 2*2^2>-
ii^u. ;^ch transport behaviours nay be understood in terms 
of the free volume roodel put forward by Cohen arvdi Turnbull* 
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It i t obvious fr«B th« norv-linear pLott of Iny 
•gainst l/T that tho relation Datwaan than ia non»Arrhaniua 
(Fit|uraa 4 and 5). Tharafova, tha fluidity and th* 
eonductanca data (Tablaa 3»6} hava baan laaat«a(|uiajraa 
fittad to aquation (9) and also to tha Doolittla typa of 
a9u«tion« ^» 0 ox J\^) • A^ y •»? t-*^ly/^^*v^'] •*»•!?• 
A. » k^  and V^ hava thalr raspoctiva aignificancaa as 
•antionad in tha Introduction part. Iha applicability 
of aC|jatioiMi (7) and (9) for axplaining tha non»Arrhanius 
bahaviour of fluidity and conductanca data hava baan 
Wi^asisad by tha linearity (Figuraa 6.12) of tha plota 
•f Iny against 1/ (V-V^) and Inyl*^ againat l/(T-T^), 
raspactivaly. FUrthanaorat inapplicability of tha 
Hildabrand a<|iatiMi has baan noticad in tha caaaa of tha 
•ystMM undar discussion. Tha valuas of tha coaiputad 
paranatars of that* a<|uations(7) and (9) ara listad in 
Tablas (7*13} along with tha standard deviation in 
lnyv« yf ^ A ) . Tha laast-squaraa f itt ing wara carried out 
by feeding almost constant values for ky (Tablea 10.13}. 
In addition to tha least-s<|uaras f i t s tha plota also lani 
support for tha constancy of the k terau 
Hontally, (Mta vMould expect to find a fairly cRonotonoua 
variation in the eaipirical paraawtars of a^«tiona<7} itfith 
concentration. Inspection of bast f i t parameters,howsver» 
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Fig. 5 Arrhenlus plots oT Fluidity and equivalenr conductance 
for 2n(N03L'6-22H20-H20 systenos-
m o 
# 
^uJ" 
-g rP 
• 4 ^ >• 
1 ^ 
t> TJ 
1 i 
Ul C4 
^ i U -H 
^ 4? 
• • 
3 •>—' 
1 ^, 
^ H 
*i <^ 
e 
« 3 
w 13 
« ? •" 
« <*4 
-• c 
>* Si . 
•» 3 « 
t> • 
«4 « 4» 
- • • > • 
U , <« {,> 
•• 
CJ 
1 
u 
m 
< w 
o w 
8*^ 
"H 
~ i S « l 
P-4 
133 
^ 
»^ 
•>< 
3^ 
o tfv 
^ . 
>-4 
% 
•:•(•• 
- * 
R--^ 
< 
^ 
6 <N 
« 3 
• 
- 4 
1 
L 
•-4 1^ 
Q 13 « U
• 
- • 
1 
r 
>** 
• - « ' 
• 
•^ 
o 
• 1 -
^5 
CO <0 
w-^ 
'•»>^ 
*»*««> 
11 
• • 
i n "H 
"^ 
• i " ' ^ 
•J CO 
\© 0» 
rt "5 
*««» 
--» 
CMC4 
2j5 
<it OJ 
1 
1 •"^  
• • 
«-«»K 
*»«*« 
c?4 
""^  
5je 
• • 
• « - * • 
«•—>» 
H-^-1^ <n 
' t r y 
««** 
» -~ . 
*•"% 
si 
rfXN 
• • 
IOCS 
"~* 
,^_^  
f^s 
?f2 
<-< ^ 
» • 
«—' 
«~« 
w c o 
• • 
^ C 4 
««»' 
* • " > • 
oft 65 
tn<N 
•*.,iW*' 
*^ --» 
ro fi 
?8 
rfXO 
«r-^ 
W H 5 n * 
«lf CO "H«^ 
^ <?< I f * 
tOOi ^O OS 
j * * ^ 
4> f^ 
(^•^ | S ^S 35 
1 1^ 
1 u'><^ 
! 
•"^ 
f * r f> 
1 Ac^ 
! 
1 
i 1 'O'— 
1 /^ 1 <<» <^ 1 -
Q 
• p> 
«H 
fO 
o n 
~-^ 
—^•* 
"HfO 
no«f> 
J^* 
- h « ^ 
J ' - ^ 
-l<N 
•O CO 
t • 
'VMMI' 
o 
t 
% 
(0 
^ § 
IS. ^ 
—" 
-^** 
• • 
""^ 
^•^ 
#^-** 
i » 0 
O^M 
• • 
^-.*«' 
• • • ^ 
»o <^  
• ^ ^ 
rf*-"* 
1 ^ s»i? 
e ^ 
^>«» 
>OfO 
* * w * 
»~* 
•HIIO 
l i s 
<o CO 
(*--^ 
cocv 
PS 
1 ^ ^ 
#."* h" CO 
ODirt 
-^^  
^ ^ • ^ 
O Q W 0 « 
•H a> 
• • 
08 *<? 
•^*rt^ 
• » - ^ 
S2 
-rtrf? 
w - j ^ 
O 
• CO 
« CO 
^ « 
G^ rff 
« * i ^ 
•^ -^ .^  
COC^ 
o'rf>* 
• H ^ 
o 
• 2P 
w CO 
%s 
f » f 
*-^ ' 
. ^ 
5« 
#^ --* 
coot? 
Jf""^ 
CO® 
covO 
• • 
«nco 
-^ 
»—» 
a X N 
vO<0 
X ^ 
<^* 
*"^  
* • — % 
c o s o 
^ig% 
n o ^ 
«^^  
*~» 
0 0 ^ 
no 
coco 
CMTI 
V » - ^ 
cMr> 
GO i f ) 
i ^ * h 
35; 
<?» id 
•>_v 
^^ --. 
« ^ 
• • 
• 4 . ^ 
*^—. 
«^ S 
» • 
• - » . » » , 
o 
• CO 
CO 
CO 
i f ^ 
0> "H 
• H ^ 
• - < . . 
i^'^ 
«OCa 
• ^ fc-^ 
^ i * * * ^ 
*^-^  
f«»o 
• • 
"^ 
^ 
CO (X> 
• • 
c o n 
•,.— 
••"^  
^ (0 
O iOl 
-—* 
,^ 
- i f 
#™H. 
>^<o 
— r* 
• - « » - ^ 
^ '^ g:5 
cvr^ 
-4<_^ 
*^^  3521 
<^c»* 
••^*«-'-
• ' - » 
« ^ ^ o 
co<»> 
C^l-* 
- C w 
o 
• 
m 
CO 
CO 
• « 
- ^ « ™ -
O 
• CO 
p> 
-"-^  
r- n 
• • I 
• 
"^"'^  
fO t> 
• • 
-^ ' 
• • - ^ 
O f * 
c e o 
fO ^ 
thm 
Q i f t 
•-<-,-« 
»-> 
»c3 
c o « t 
^•"*» 
- ^ 0 3 
=5> N 
cocrj 
•"•"^  
O <N 
<N(0 
^ C O 
•^ *-*—' 
»— S2 
CO 0» 
^d CO 
tf?<« 
•H^— 
1*^0^ 
^^%«.'» 
o 
• ao 
^ i 
• 
<• 
• I t 
1 
e 9 
• |>^, 
1 
«« 
•H 
9 
5 
<• 
• 
•o 
• 
S 
4 ^ 
3 
U 
•» 
c 
• 
•-4 
5 
^ 
'^ ;l 
* 
36 
o 
<N 
.0 
*e ' jw 
1 ^ 
y IN 
•A* X 
8 • 
U -« 
•«-<' • 
^ S 
o e 
i 9 
•-4 «4 
^ I 
« e 
""-• C 
•H O 
I «H 
4* 3 
•rf (i^ 
»>< to 
< 
s5 
I ? 
•-4 
O ^ 
>r-
CM 
i 
V 
? 
o 
CM 
s i I*, 
T if 1 I 
V 
^ 
8 
• H O 
to 
I >9 
so 
• • 
i ft CO 
S5 SS «S S g ^ S ^ S 
CO CJ 
^>ev M<o > jp^ CO ^ 
' O ^ CO 
f* ^ * • • • • • 
^ •ft O tf> O ^ 
«o "-5 0* so 
l--^* 00 / > 
* • 
K5 tft A 4 
r o ^ 
• ^» 
« 0 « 
l o V 
f * ^ CVfsf 
• * > • 
^ 00 • ^ O ^ 
j c | 
O <NP* fO 
•9^  
o» CO CO lO 
• • • • 
m d -^ CO 
•H<-< % 
(O fO 
fOCO 
CM 
to 
S; 
aiT? 04J -So (Nf* ;*?? tf?<ffl >^ <> 
0^ 
H 
0 
• 
(^ 
0 
• 
ro 
in rj 
0 
^ 
<o 
0 
• 
fO 
•0 CO 
0 
^ 
f} 
0 
CO 
0 
1^  
CO 
0 
r? 
n 
37 
(0 
« 
« 
J C 
I 
a 
C 
o 
5 
- 4 CM 
• ^ 
".5 
3 ^ 
2 
3 C 
•S 8 
Ul I 
1 
o 
S. i 
H 
A ~ 
en 
•v«» 
O C4 
in 9 
•-4 M >» 
lO 
.J 
< 
o 
s 
s 
v» 
I « 
0 0 CM 
cv ? 
o 
2 3 
OS <n 
? 
8 
•ft rn 
o o 
rf> CO 
^ r3 
€) 
2 
O* 
i"0 
^ 
• 
« 
<n 
5 
• 
^ 
^ 
^» 
»* 
<n 
S 
• 
«« 
»*• CM 
- < 08 
CM QJ 
CO ?) 
(1? ^ 
^ 
Oh W 2i 12: 
OS 
CSJ CO X fO 
(ft <£> i r 
3 
CM 
o 
t 
01 
Q 
i o o 
$ 3 
o 
CM 
4 
fOift cyoo • f t ' f f o n 
CSflO O C ' ^ f »< *> C S O 
% % 
» 
f * ® f O C ? OOlft ^ - S «*> '« - < 0 
A 
CO 
CO 
38 
- i 
c 
o 
'•J 
• 
e 
o 
m 
m 
wi 
i 
i 
<M 
% 
>~ 
o» 
? f 
€V 
C' op 
o 
^ 
-4 
-d 
m 
B 
^ 
f * 
S 
f:t 
o 
sf> 
CM 
St 
f*. 
ri^ 
St 
<»> op 
CM 'O 
e5 r^ 
o 
% 
CO O O f*> 
<"0 <9 (O CO 
o 
3 
S 
* 
o w 
o 
Q 
if) nd 
3 Si ^ § 
cJfJ <4 (^ rfl*''' ' * ^ * 
*»> 
o 
o s 
ro 
• 
« 
<»> 
^ 
CD 
• l»* 
0 s 
'•.^  
• 
»o 
CO 
i5 
p* 
• 05 
O 
SI 
« 
• 
-^ 
?Si O 
ao 
• 0-
b« 
tf) 
• 0 
« 
?? 
a 
• 
o 
« ? ^ rtqt sc«j fr5<N 
t * ) - ^ flS^ # a " H - d 
« - « « n o <*>o « n o 
Q 
• I 
15 
18 
o 
o 
*» 
c 
39 
E j 
^ o 
• > ^ 
tr CM 
^ 8 
• ^ 
C JO 
'5 I 
9 H 
- I 3 
« •* 
> •• 
I 
•g H 
« «•-
O 
-^  e 
I e 
>. t 
• » 3 
1 -
vO 
} 
^ 
o 
X 
^ 
<N 
s 
r5 
CM 
y 
I 
o 
CM 
X 
o 
CM 
S o 
O. CM 
o^ 
^ C M »f) CO 
CM 
• • 
4>^ 09 / > 
jgCM 
o 
CMI 
o^co 2S 
-*CM 
O t f > 
O'CM ? 0 O 
t ' t CM 
rt»o 
H f l O 
«*CM 
?I3 "^ 00 ^ 
Ch 
- < « CMO " * ' » 
• • * * * * 
2S 
OStrt 
COP" 
ncM 
vO 
^ f j CO"-* 
in "^  ^ 
•4> O (V 
»«r<M t o w <o«o f* ^ <»rf> 
CM r> 
O a 
• • 
1» CM 
00 CM 
* • 
3P 
^ to 
lAO 
• • • • CO «r> Orf? 
5i 
CM rf>r» ^ ^ f^ 9^^  Chsft O sj» CMP* ' •CO ?c5
CP 
• • • • 
•^ p* n 80 
cap 
•So 
§S PfJ Q 8 S S 
•©CM O o ' P* O to « 
(_J s0 »->4 pfc COP* 
s3 m 
• ^ O COP* 
o 
CO 
o Q 
CO 
o CO 
9 
o PO 
o 
fO 
CO 
o 
a 
o o 
CO 
CM 
CO 
GO 
CO 
o 
to 
40 
c 
s 
« 
•» 
<« 
• 
o 
u 
•» 
c: 
• 
3 
cr 
U} 
V I M ; V I I , V I , 0-41 
I — 
In A 
0-81 1-21 
= 11-12 
8 6 4 
I 7-40f 
> 
6-16 
^ o 
9-88 
8-64 -
7 40 
6-16 
0-81 1-21 . 1.61 201 l,V 
I I - IV 0-81 1-21 1-61 201 
VIII Mol ' 
1 
II 
I I I 
IV 
V 
VI 
VII 
•/• 
0 0 0 
10-
19 
29 
30 
45 
•60 
39-30 
50 
61 
•40 
•70 
VI IMOOOO 
0-63 1-23 1-63 2-03 243 I-1V/VIII 
1-43 1-83 2-23 2-63 VI,VII 
In0 
Fig. 6 Plofs of lnY(=0 c A) vs. V(V-Vo) For moUen 
Zn(N03)2-6.16H20-Cd(N03L-4-1H20sysl-ems. 
J. 
11-84 _ 
> 
10-40 
8-96 
752 
6-08 
968 
o 
8-24 
J 6-80 
10 / (V -Vo A ) 
l -V 5-98 6 82 766 8-50 9 3 4 
J u 1 • I 
VI,VII 6-82 7-66 8-50 
c 
I 
II 
III 
IV 
V 
VI 
VII 
Mc 
0 
1 V, 
•00 
1 0 0 0 
2 0 0 0 
29 
39 
49 
59 
00 
00 
00 
•00 
- 2-38 
2 2 0 
• 2 0 2 
- 1-84 
1-66 
148 
> 
I 
< 
c 
5-14 5-98 6-82 7-66 8-50 | - V 
1o5(V-Vo,0) 
F i g . 7 P lo^s o f Iny (= 0 o r A ) V S - V C V - V Q ) For m o l f e n 
C d ( N 0 3 ) 2 - '^• ' "^20 ~ M g ( N 0 3 ) 2 ' ^'^^^^2^ sys^ems. 
10/(V-Vo.A) 
VII 732 786 
I I 
V 6 78 7 32 786 
' ' ' 
III,IV 624 678 732 786 8-40 
I 1 1 1 1 
1,11. VI 5-7 624 6-78 732 786 8 40 
Mol •/• 
1 
II 
III 
IV 
V 
VI 
VII 
0 0 0 
4.96 
10-09 
14-67 
20-49 
24 50 
31-66 
24 
2-1 
1-8 
15 
2-1 
1-8 
< 
c 
1-5 
-1-2 
12 > 
-10-9 
> 
I 
67 7 2 
1O^/(V-Vo,0} 
8.2 l,V 
Fig. 8 Plots of lnY(=^ or A ) vs. 1/(V-Vo) ^^^ molren Zn(N03)2-6.17H^O-
Mg(N03)2'616H2O sysfems. 

L. 
T 
2/XVu, 
o 
00 
in 
"T 
in 
iP 
ts. 
^ 
•ft 
CO 
T 
^ o 
r-^  
V 
o 
• ^ 
>4- 00 o 
£ 
if) 
O 
I 
0 
z 
IA*A^ 
^4 
A 
JLVUI 
o 
no 
—I 
= > 
oo 
6 
o o 
00 
6 
o 
in 
E 
i/i 
o 
CM X 
o 
'CM 
J" 
Z 
O • 
X 
c^  
o 
? 
z 
c 
N 
c 
"o 
£ 
o 
I 
in 
o 
IIA'IA 3 
lO 
o 
th 
X 
ir> 
00 
lO 
oo 
lO 
CM 
to 
o 
00 
oo 
o 
CM o 
o 
o 
o 
CD 
o 6 
CM 
> 
o 
o 
CO 
CO 
L. 
o 
(A 
a. 
^^i0ui 
10^ /^T-TO.A) 
VI 0-63 067 0-71 
I I I — 
0-75 079 
063 0-67 0-71 0-75 0-79 0-83 I-IV >*• 
> 
5 74 = 
> 
5-44 
- 5 44 -
JX 
V 5-14 
c 
4-84 
4 5 4 
5-14 
4-84 • 
4-54 . 
4 24 -
5-2 
49 
^'>i 
4 6 < 
4 3 
4-3 
J 3-7 
1Q/(T-TO,0) 
Fig.12 Plo^s oT \n\{z0 o r A ) T ' ^ againsf 1/(T-Tb) f o r moll-en 
Zn(N03)2-6.22H20-H20 sysrems. 
I 
> < 
< 
< 
-4 
i\ 
> 
c 
s 
« 
> ! 
i 
B 
a 
CO 
I * 
CM 
o o 
IS 
o 
® CM 
i 
? » Q O 
c^  •H W f l «• ^ f * C< «Ht 
•4 « t «-1 
o o o 
•4 O TO 5 
4 4 ^ 4 
:$ 3 :? 2 
;3C S 52 
CO CT * ^ 
o CO 
« 
8 
n 
o 
3 O SJ 
• ^ CK ^^ 7 
3 3 3 
o 
^ 
?: 
o 
o* o* 
CO 
<0 cs 
O -H "H ^ rt 
-< «o -id (A '*0 
•4 
i5 o c 
o 
O^ CSS 
i i 
48 
M 44 
I 
m 
Bl 
!i«l • 
^<S 
9 SS t> w 
8 
^ 
a 
A 
m 
m 
3 
4 
^ 
t ^ 
o 
o 
Si 
C? 
^ 
o 
n 
4 
H9 
o o 
49 
•e o 
> » - 4 
"W -^ 
•H C# 
3 * - * 
••^ CO 
t*. c ; 2 ; 
N 1 
«E o 
CM 
- 5 
1- 4 
• 
e D 
o o •H #* 
«* ^ 
^ s 
u^ «•« 
H '^ 
o • 
& z 
• M 
4* 9 
1 *£ 
S S 
1 S t ! 
m T> m 
u '^-^  <-*' 
•• 
00 
1 
'di 
< 
1 -
3 <: 
w ^ 
< 
• 
> ^ 
• 
< 
• _ 
> ^ 
-S c 
3 c 
1-^ - 4 
1 
! ^ 
i ' 
t 
1 
. ^ 
i 
< 
';;~ •¥ 
1-4 fM 
1 
o • 
o 
o 
^ 
21 
w 
• * 
- 4 
^ o o 
• 
u 
o 
^ 
^ 
c 
! -^ 
o 
c> 
• 
o 
o 
d 
o 
CM 
c? 
- 4 
M 
AN 
Si 
tf) 
• 
w 
!*• 
• 
O 
^ 
• 
o 
3 
5 
1^' 
0^ 
05 
> 
v> 
5 
• 
o 
1 
• 
o 
o 
c{ 
-4 
« 
« 
1^* 
CO 
CM 
S 
s 
• O 
o 
• 
- 4 
5? 
c4 
>o 
cv 
• 
s 
8 
• 
o 
ro 
o 
• 
o 
J?l 
• 
• 
« 
i 
c* 
• 
o 
8 
• 
3 
o 
^ 
• 
CM 
-4 
o 
o 
• 
R 
o 
• 
o 
Ift 
a 
-4 
- 4 
^ 
•-« 
5 
• 
o 
tf) 
$ 
;J 
p* 
-* 
C5 
O 
o 
• 
% 
•-< 
• 
o 
i 
<^ 
q 
s 
fi 
^ 
- 4 
R 
in 
fS 
8 
o 
o 
i 
2 
• 
CO 
i 
- 4 
O 
O 
• 
• 
o 
o 
4 
5 
if) 
tf) 
0» 
4> 
- 4 
^ 
8 
• o 
o 
3 
IC 
A 
m 
•0 
- 4 
o 
o 
• 
e 
m 
> 
3 
c (» 
x: 
c 
C 
c 
M-i CO 
*^  
c J 
o c 
• H CM 
** x 
^ 1 
O "-^ 
«»< fO 
N § 
• c 
•» '1 
u 
a u 
c 
-o <t 
31 ** 
** U 
§ g 
> < 
e 
< 
< 
•s ^ 
C4 
o 
o 
CM 
c5 
i 
<N 
J 
in 
I <^  
! 3 
i 
o 
o 
• 
o 
CM 
ft 
irt ift 
CM 
o 
05 CM 
8 S 
CM 
CO 
o 
5 
* 
CM 
05 
-4 r! 
CM fO 
•J ift 
O CM 
« 8 
o 
CM 
:^  t; in o 
CM 
in 
CM 
tn 
-4 
»n 
n 
o 
o 
4> 
CO vO 
• « 
00 
in. 
CO ^ 
/» ON 
H O 
o o 
o o 
in 
3 
i 
CM 
t 
so 
fO 
o 
o 
in 
o 
^ 
-? -4 
o 
CO 
•O 
-4 
o 
o 
o o 
-4 -5 
*n <n 
"3 
jtf 
•••4. 
•^ P • 
-« CM 
1^  T*' 
O^  
^ 
• 
in iO 
•H 
CM 
C^  
CM 
n 
o 
o 
* 
o 
o 
-^  
• 
in 
TO 
^ 
• 
CO 
n 
<30 
in 
o 
• 
•* 
f* 
•H 
• 
d 
00 
CM 
• 
00 St 
o 
o 
• 
o 
yrt 
CM 
« 
3 
c^  
f* 
• 
!*• 
O 
• 
C4 
O 
• 
>0 
o 
CO 
CM 
* 
in 
o 
o tt 
• Q 
CM 
CM 
CJ 
• 
!«* 
CO 
o 
T5 
c^  
CM 
O 
if) 
» 
c\ 
00 
• 
o-NO 
o 
<^ 
• 
^ 
:S 
• 
50 
1 
a ir5 
JC 
*» 
N 
O 
Ch 
i 
w CM 
•r* *» 
3 e 
< 
< 
I 
:^ 
I 3 
o 
0* 
cv 
o 
8 
5* 
o 
1^ 
o u 
• • o o 
- 4 <-* 
«n s 
o o 
o 
5 a 
9? 
O 
o* 
00 
* 
CM 
S 9 
o 
- J * 
« 
«^  
^ 
o 
w 
o 
^ 
- 4 
O 
Mf 
^ 
a 
J 
4> 2 - 1 « o r i 
• 
-4 
•H 
a -ji •^ &> 
O "^ CO O 
tTt 
ift 
• 
O 
« 
• 
•-4 
-4 
08 
o 
4> 
•-4 
<N cJ n w 
sd <o «d ^ 
G Q § w O 
, • .. .• 
% 2 
s s 
05 
S S 
.^1 
« 
^ 
« 
Q 
^9 
s 
o 
O 
Q 
* • 
4> w 
51 
52 
1 
I if 
•2 • 9 <0 
jn 
fi e 
-^ 1 8 
< 
^ 
< 
jft M » ;$ 
^ $ B 8 
5 o o .•9 . . •
Oh 
2; 
o 
o o 
•^ o* o* 
5 1 5 
CO 
f^ ^ ^ "^ tn !0 o 
O* Oj <> 
ifl 
c? 
o irt 
o 
• 
o in 
^ 
c? 
Ch 
<n 
o 
<4 
«> 
'i> 
«o 
<< 
o» Kl 
O CO 
t i c S 5 S ? ? 3 § 
•4 . ^ «-| 0-4 >-4 H iH 
o o o o o o o • • • • 
»< o o o 
o 
o in o ^ o* ^ « 
c? r5 *^ ^' *^ rf? -• 
O^  C^  Gh C^  CP 0^ s 
o w vi 
i 
O O O tf> O rf> O 
tf$ tf!l «HI ^ tf^ •« i<{ 
s s s s s s s 
^ 
< 
"^ • 
-4 04 
S f 
O 
• 
Si in 
<v Oil* 
o 
c 
• 
c 
(ft 
<^ 
s 
CN 
-< 
o 
o 
• 
o 
m4 
»4 
• 
Oi 
^ 
Q 
%*< 
• 
^ 
CO 
1 
^ 
^ 
m4 
o 
o 
• 
?I 
/» 
• 
S5 
^ 
- 1 
u 
o 
• 
?i 
<N 
I-' 
s 
-4 
-4 
o 
o 
• 
o 
• 
C8 
•«« 
•H 
o 
o 
• 
•ft 
53 
• » e 
• 
3. 
UJ 
** i/S 
•H > • 
- 9 M 
3 Q 
- H CN 
"- i 
• - « 
J C • 
*» o 
• N C4 
0 - -
'-^ ^ 
<> -^^  
—. o> 
s ^  
«rt CN 
^ P 
» -
UJ 43 
M *<N 
O -— 
<*4 fO 
U 3 
• c 
M 
«• • 
a g 
*0 « 
• V 
•» o If 
e o o ;-; 
•* 
w 
-< 
• 
f-4 
« 
M 
> 
• 
•o 
•o 
• » 
CO 
> 
« 
t J 
*» 
i/i 
• • , * 
<: 
5 
c 
• H 
• 
O 
H 
4 
JM 
< 
< 
^ 
C 
• - I 
c 
•H 
m 
o H 
>SL 
M 
^ 
< 
+ 
• i*™* 
:-^  a: 
00 
trt 
::J 
O 
• 
o 
CO 
i i 
f -
•H 
^ 
• 
S: 
•f) 
tD 
* 
^ 
-« 
s 
f* o 
-< 
O 
• 
o 
o tr> 
o? 
r*> 
•H 
m 
i n 
• 
h» 
'S 
• d 
o 
-4 
'T^ 
i M 
o 
o • 
o 
a 
o 
• 
o 
8 
• 
CO 
•H 
r* CSi 
• 
^ 
tn 
C?5 
• 
o <J 
CO 
n 
o 
CN 
i _ 
• 
O 
;s 
• 
o f© 
-^ 
fQ 
• * 
II 
v«^  
a 
-O 
o 
4 
o i ft 
Ok 
•H 
'55 
^ 
• 
r» s 
o 
• 
o 
fO 
-4 
CO 
-^ 
a <?• 
• 
i n 
o 
« C\ 
CJ 
-^ 
^ 
23 
cs 
o 
• 
o 
- H 
n 4 
fO 
•H 
CO 
O 
• 03 
CO 
^ 
o 
• 
^ 
-H 
OS 
•H 
s 
• 
^ 
r» 
5 
o 
• 
o 
o 
-4 
« 
-» 
- 4 
O 
• CO 
tfi 
^ 
• CM 
00 
o 
!:5 
^ Q 
• 
o 
CO 
o 
A 
m 
•H 
»• 
O^  
• 
<J 
c 
^0 
o 
t 
00 
f o 
CO 
n? 
•^ 
f-O 
• 
-H 
O 
CO 
o 
• 
o 
8 
* 
CO 
00 
«H 
o» i n 
• 1 i n 
i n 
• 
o c^  
n 
O l 
o 
• 
o 
CO 
- 4 
c^  
3 
8 
• 
c^  
« 
vO 
o 
s 
in 
m 
-< 
• 
o C4 
CM 
O 
o 
t 
a 
n 
• 
CO CO 
'-* 
r* 
r* 
• 
CO 
00 
tn 
in 
• CO 
*) 
^ 
^ 
CNi 
o 
• 
o 
o 
»*• 
r? 
05 
-« 
yQ 
>o 
• C 
05 
>0 
o 
• 
CO 
CSi 
00 
-4 
C^  
« 
CJ 
04 
% 
o 
• 
o 
Q 
i 
-i 
o» 
-<» 
• 
Q 
• 00 
o 
t 
•o 
^ 
o 
. 
^ ! 
^ 
• 
no 
- 4 
aft 
00 
A 
o 
-o 
o 
A 
o CO 
h» 
»-4 
t 
A 
CO 
1 
'* 2 i 
>* t 
*» • 
•H 4> 
3 O 
«-4 
t i , ("^  
-'CN 
• E 
CM 
8 s 
• 
^ o O" • 
- ^ (N 
' • - • 
•» >-' 
« C 
-1 M 
UJ <•« 
O 
N 
e • 
^ Ji 
S 2 
• u 
• * 3 
§ 1 
• '^ 
c 
4* (« 
Q. ^H 
g ^ 
U "-' 
•• 
CO 
-< 
• 
•-4 
H 
>* 
• 
n 
•o 
in 
• 
> 
•o 
•» 
"> 
• 
, 
• 
: 
1 1 
i 
; 
* 5 " 
e 
il 
< 
s 
a 
< 
• 
o 
< 
Jd 
< 
^ 
*• 
C 
^ 
c 
•H 
" ^ 
• 
o H 
J» 
< ^ 
t ' * ^ 
0" 
s 
o J 
o 
* 
<n 
r* 
CM 
CM 
c4 
-4 
^ 
^ 
C* 
r*» 
3 
o 
o 
• 
•jt 
v) 
Q 
• 
ro p* 
^ 
? f^ 
s 
• 
CO 
t f^ 
o 
u 
• 
1 
w j 
• 
n 
-o 
• 
f<. 
K 
-H 
CM 
S3 
^ 
0 
• 
^ 
r* 
Q 
_ j 
• 
O 
n 
^ 
t 
r-
r» 
- « 
Q 
« 
• 
<49 
i 
O 
fo 
o* 
- * 
• 
-i 
0 
5 
J 
J 
o 
• < • 
• 
P: 
0 
f * 
c? 
<H 
o 
fO 
• 
n f -
^ 
o 
o 
• 
o 
o t f 
• 
f" 
p* 
•H 
o 
n 
A 
o 
o 
• ro 
o 
00 
;n 
N 
d 
-* 
<H 
5 
' J 
d 
O 
- i 
• 
f*> 
P*" 
r> N 
• 
CM 
- • 
•a 
t 
i 
•0 
f * 
*2 
*0 o >-> 
• 
^ 
'->• 
-4 
* 
P* 
P» 
-i 
^ 
P-
A 
S 
o 
» <n 2J 
-y» 
P» 
"0 
* 
CM 
p-
• ^ 
o 
cf 
p* 
p» 
« 
<0 
p» 
^ 
(4 
-H 
-.Q 
iTI 
» 
P* 
»* 
o 
•J 
» 
o 
p* 
p-
• 
o f* 
-4 
p-
«» 
^ 
s 
• 
00 
^ 
-15 
^ 
o5 
CM 
^ 
s 
O ' 
d 
f * 
"^ 
• .' 
^ 
»^ * 
1 
1 
- • 
*o 
^ 
^ 
O 1 00 i 
1 i 
1 
O 
• 
CJ 
p» 
-4 
• i 
^ 
p-
•H 
O 
ift 
p! 
i 
o 
00 
p» 
$ 1 
1 
! 
0^  i 
N 
• 1 
(*i I 
54 
55 
f a i l s to r«v««l such a tr«nii and tha aeiplrical pardmatar* 
f\.j^ , doas not ta^n to vary ra^ulazly with concantration. 
Iha coBputad intr ins ic voluaiaa V obtained indepandantly 
froB tha conductanca and tha f lu id i ty d<ata corratpond to 
tha molar voluna of tha welt at T^  and not at C%, This 
anphasisas tha view thst tha origin of fraa voluiaa i« at 
T^  And not at O^ K, It i* Intarasting to note an almost 
additiva natura of th© tharRtodyndmie paracaatar, V In tha 
caaa of /.nim^)^,t, if^i^O - L6{W}^)^,A, IH^O malts, Tha 
additive natura of V has b«f«n also raportad in tho caaa 
Of <in(^403)2.o.3^i•i r)-Cd(H.i2)2»*»i^^2^ "•1^*» ^^ indicataa 
tha idaal behaviour of tha systam «vith raspact to tha 
molar VOIU«M. Tha intrinsic voluma has baon found to 
dacraaaa linaarly with concantration and shows a diract 
dapandanca on «w Tha intrinsic voluyma* V nay ba i^vmn 
by tha axpraasion, V »^X^ • 21 (x^V , i ) >,^ ara V , K. i s 
tha intrinsic voluma of tha wait and A± is tha eiola 
fraction oi tha i contponant, 
According to tha thaory of Cohan and Tumbull 
davalopad by Angall ami othars, tha para@atars ara concan* 
tration dap«ndant» Tha constancy of k tarfs in tha 
dxponantial factor of a<^atl<m (9) may ba viawad throu^ 
tha following re la t ion . 
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yJtxm \/* i s th« c r i t i c a l void VOUIBM»« '^ i s the factor 
to correct for the overlap of the fre« volum* in th« 
calculation of tho probability of oceurronc* of a 
c r i t i c a l void* o<^  i t the naan expansion eoafficiant and 
V-. i t the mean molocular volunto darived from the molar 
volume. In view of the theoretical iissui43tions of the 
free volune model* the diffusion coeff ic ient of solutes 
will be ijoverned by the molecular size* The overall rate 
of diffusion wi l l mainly be determined by the largest 
molecule particle in the system. Thus, i f the solvent 
molecule i s larger than the solute* then the rate of 
diffuaiofi will b« governed by the solvent molecule since 
the diffusive transport i s completeo only by the Jumping 
of a neighbouring solvent molecule into the vold^left 
by the transfer of solute* Therefore, although the rate 
of diffusion wi l l be altered by the addition of solute 
due to a decreaae in the average free volume, the c r i t i c a l 
s i i e of the void wil l not change with concentration. In 
other words, the cr i t i ca l void volume seems to remain 
the same in both the cases of solviwits ^mi their respective 
molten mixtures. In the case of conductance the hydrated 
solvent cationa of the type (l^SijO)^*, i . e . , ^^^^^ ^V »'»<* 
Zn(:u>)^* may act as th*> Ions of th© larger s ize in the 
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molt«n mixtures of th« corr*spimdlng systAot. The natur* 
of variation in the mean expansion coef f ic ient , 0 In the 
entire concentration range studied has hrmn £->und to be 
insi9nif icsnt. This w i l l , therefore, lend support for 
consideration of substantially concentration invariant 
k terRW This i s also supported by the eqMsi slapes of 
the linear plots (figMJpes 9-12) of InyT^ against 1 / (T«TQ) , 
an the other hand, the exponential t«r», k. of the 
Dool i t t le type of equation which i s aqpsl to'^/v'^ per mole 
Mf>p9%j:B to be concentration Invariant l ike the k ter» of 
the VTF equation. The constancy of this term has also 
been demonstrated by an almost identical slopes of the 
linear plots (Figures 6-8) of lny(* i< or /^ ) against 
1/(V-V^). However Angell and Brassel * have found k as 
a linear function of T^  in hydrated iselt of calciun nitrate 
tetrahydrate* They studied another terra D T^ in place of 
k in eqMStion [9) where u i s eoncentraticMn invariant. I t 
has b@en found in many aqueous solut ions , fused nitrates 
and chlorides that the k tezm remains corKentratlon 
independent, 'luch a tr»nd <^ f k term with concentration 
has not been found in a s ingle systeau Therefore, an 
empirical rule^ •^** was su jjested «^ich states the 
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constancy of k t«»« ^Ith concentration In vi^ich th» 
m*lt atructura la not changed In too radical a faahion. 
Iha s«ta of A and T^  paraiMitara for «ach concantration 
vmx9 salactad in such a nannar that thay corrasponda to 
an almost c(Mistant valua of k taxn during coeiputaticm 
as also adoptad aarliar by otharsr * n rMti^»x of 
A-lb»T sets c^tainad with approprlata standard davlation 
tv l i s ted In Tab Us (10-13). Iha valua of k^*^ 695 
and that of k <^ &93^ K obtained in this manner for 
Cd(t4Q2}»*4, l^wj are in good a^reenent with those reported 
by Moynihan?^ Ihe values of k^ j^^  t»90 and k ^ ;>90 are 
in 90od agreenent with those ^lenerally as&igned to them 
except in the case «f 1^ cr 666 for .^(r^u-j)2»6,22il2 itaii^ U 
systetM vi^ich i s sofoei^at lower than the usual value* 
Laagnn^y^iPfl i;i9P.f^!m^§. <ff A...%»XSf ^^ relationship 
proposed by Ct^en and 1\irnbull for the pr««exponential 
tera as Acr^r/m^ ee^lies a direct dependence of t% on the 
particle diameter and an Inverse dependtince of on the 
stuiare root of the particle mass. In fused sa l t s the 
jui^ distance would have to include the viiafaeters of both 
the cations and the ani<ms since the anions esust cross the 
f i r s t coordination she l l of the ^poe i t eve ly charged ion* 
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to reach th«ir n«w «quiLlbriuiB position. Th«r«for«» the 
pr<»»expon«ntiai tern for the cations and the anions in 
a pure fused sa l t should be In sensi t ive to the radii 
of the particle and aay depend only on the ionic oHitsM. 
The concentration dependence of the A term of eolation 
(9 nay be explained through i t s n"^ dependence on the 
averaie mass of particles of the system, aich a 6U9<jestion 
holds good in a l l the systeai under investigation as is 
evidenced by the linear variation of the .. tertn with 
concentration, ^^ n increase in the pre-exp<xi#ntial A tern 
in the case of Zn{uo^)2''**-^2H<20'H20 with incr&ase in the 
concentrati^i of water molecules i s in accordance with 
the view expressed earl ier by Cohen and l\irrtf>ull« (^ the 
other hand* an irregular trend in the concentration 
dependence 9f the pre-exponential factor of equation(7} 
has b»en found «i^ile V^  seems to decrease l inearly with 
concentration. 
The pre-exponential A term of equation (9) decreases 
l inearly with increase in concentration except in the case 
of .:n(NO2)2«6»22H20-li20 as has already been expressed in 
the introduction. 
The T. values have also been found to increase o 
l inearly with concentration in the molten mixtures under 
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inwst igat ion «»>tc«pt in th« case of ^MW:^^)^t,2^i^j<mH^'i 
syst«mt, Ihic result i s explained in t«rin& of the cat ionic 
potential \^lch i s defined •s'^ji^ '''i**i/^i» "^^'^ ^'^i i» ^^ >» 
mole fraction, -i Is the cat ionic charje, and the r^ is 
the cationic radius. ]ince T^ is dependent on the 
magnitude of the coulomblc binding forces, the physical 
ori9in of this constant, i . e . , TQ may be similar to that 
suggested by Cohen and Turnbull for the molecular liquids. 
/v r<»lation b«twe@n the jlass transition temperature and 
the cationic potential has b^^n susj^ested by Angell and 
this may account for the c*.a«xved increase In the T values 
with an increase in the solute concentration. In other 
words, the cati-snlc potential i s presusably direct ly 
proportional to the cohesive energy of the system which 
increases by the successive addition of solute. Therefore, 
such an Increase in the c ^ e s i v e force appears to be 
responsible for an increase in the T^  values, r.n almost 
insignificant decrease in the values of T have b#on 
recorded in the case of iMUij^) ,b,72li^()»H^0 with increase 
in the concentration of wati»r. This may be taken as an 
interesting case in which the T^  Is to be treated as aletost 
composition invariant. The cause of supercooling ®ay be 
understood with the holp of the free volune nodel. i t may be 
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thmjght that th« Ions art f@M«r in tht di lute (Mits, 
and at tha sana t iaa th« fr^a voLumas mxe abunoant as 
comparad to that in th« concantzatad etalt, which in turn 
cupports the high valua of T^ in concantratad »alt and 
(imllarly Io«Mir valuaa in tha casa of diluta malta. This 
inplias that tha glass transition tanparatura rafars to 
th« «xt«nt of cooling rav|uixed to raach tha limiting stata 
of xaro free voluina. In tha pra6«nt caaes tha fr<ea 
voluma dacxaaa«a with incraaaa in tha concentration of 
tha soLut« and therefore* laaa cooling inay b« naadad to 
raach tha amorphoua phaae at higher concantration, Henca 
higher T^ valua& may ba axpactad for tha concantratad 
m«lt8. Such a linear increase in tha values of T^  shows 
o 
its additive nature and obtarvad increase with increase 
in the oncantration of solute may be due to the fact 
that tha added solute undergoes glass transitimi at higher 
tai^eraturas than that of tha solvent, 'another explanation 
of the linear increase in T with c^^ncantration has been 
o 
interpreted in tha l i j h t of the correlation found between 
the T or T <at%:i the characteristic L^ ebye tasiparature«v« • 
This shows an inverse dependence on the square root of the 
effect ive masses of tha coi^onent particles of the amorphous 
phase, both the paraBu»tars A «s well as T^  of equation!9) 
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vary lin«Qrly v»lth c ificentjcatlon. Tmreior^, « linear 
variation (Figuras 13 and 14) may be axpactad batwaan 
thasa two parasietara and th« corresponding paramatars 
of tha l«aat->8<|dar«a f i t s are displayed In Tables 10 
to 13. The expressi<m (9} has b@@n modified to explain 
tha concentration dependence of the transport properties. 
For this purpose at T/T^ • constant, Cj the e(|uatlon 
may be converted to the form. 
Y(-i«^ o r A ) - Ay(C T^r'^ expf-ky/Cc-DT^'] . . . (13) 
Bve linear concentration dependence of the pre-
ex(;N>nantial term, A of eqM*tlon (9) and of T^ *iere 
substiUited in the above equaticm( 13) »nd f ina l ly , we 
may <^tain an aquation of the type 
Y{. 0 or A) • ( A ; ^ i. ^;yN)C-'^(T^^^)* ^yH)-^ 
exp[yt< - i) ^ "^ o( o) t *4y^ ^ ] . . . 114) 
The f lu id i ty and the conductance d&ta of the 
aquation (13) are in turn leastssqMares f i t ted to the 
above expression (14) tor constant T/T wC, from 1.5 to 
o 
2.4. The computed parameters of ec^ation (14) are 
presented in Tables 14 to lb. The cosiputed values of 
parameters ^^» Ug • '^Q{Q) *"^ '^^ 1 w«re found to be very 
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clos« to tho8« dt>tdin«ci fxon th* r«Bp«ctiv« plots , 
rh« •xpr«S8ion has b««n rearranged into « lin#ar 
•«4uatlon of th« ty^ y « eix 4 c diu« to th« overlaplnj 
ai th« points, ana taking t^ ia actual scale for both tha 
variables in y * nx foria. The linoar plots (FigMX* i^) 
9i 1 . 0 / l n [ y ( » ^ or A) IciT^^^j x ^ / ^ ^ ^ A^lyl *^lyi^)] 
against taol^ .^ (H) further ^eiphasizes the appl icabi l i ty 
of e<|uation (14} in explaining the concentration 
dependence of the transport properties. The f lu id i ty 
<and the conductance data are computed at constant »l« 7 
for i:d{w^)^.A, m^^'<iiw}^)yt, i3\^o, zt\{m^)^,<b, ITH^ C^J-
l^i^{mj)^,b.mi^'-^, and 7Mm^)yt, m^^Jdi^fi^yA, m^:) 
and at C • 1,5 for ZnCNc^l^-^-SS H^ -^iUO systems. The 
least-sqMares f i t s have b<ten obtained with reasonable 
standard deviations in Iny {» '^ ox /^ ) as apparent from 
the Tables 14 to 16. 
Since both the parameters, T as well as V vary 
with concentration, therefori^, on would expect a linear 
dependence bettiveen then as also i l lustrated in f igs , lo 
and 17. h linear decrease in V. with increase in solute 
o 
raay be attributed to the close packing of ^ e system under 
investigation. T^ ie linear decrease in V^ with an increMe 
in the glass transition temperature, T ,^ may complement 
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( d ) Z f t ( N 0 3 ) ^ 6 . 2 2 H 2 0 - H 2 0 sysfems. 
145-73 -
o 139-73 
13373 -
152-4 -
.5 152-1 -
151-8 -
1823 187 9 
180 7 °"^ 1831 
180-7 1831 
193 5 
- 145-73 
139 73 ^ 
- 133 73 
185 6 
- 152-4 
185 6 
Fig.16 Vanaf-lon oF TQ^Y againsh VO,Y fo*^ 
(a) Zn{N03) •6-17H20-Mg(N03)2-6-16H20 
(b) Zn(N03)2-6-16H20-Cd(N03)2-4- lH20 sysrems-
To, A 
1 3 6 t ) 
<5 132-8 
> 
129-6 
193-3 
(b) 
194-5 
I 
/^yO 
195-7 
1 
• - <i, 
Q- A 
193-3 
X 
194-5 
To»0 
1957 
- 136-0 
132-6 « 
- 129-6 
F i g . 17 Variation oF To,Y a g a i n s f Vo,Y f o r Cd (N03 }2 -4 . lH20 -
Mg(N03)2'6.13 sys tems . 
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•ach oth«r In th«ir attribution of tha systan with 
ioluta concentration, fhii ^vantually laada to »up«r-
coolin^ of ihtt natariai to the glatay stata. 
j^ay;.^ i9>, of, ./vc.tivati|>fl« Ths* activation an«r:}iat for 
the viscous «ndi tha conductanca flovia, i . a * , nA" / or A ) 
wara computad fro® tha raspactiva darivativat, Tha 
anargias t^tainad for both tha procastat hava ba^n givtn 
in Tablaa i7 to 20, in tha caaa of c:n(Nn^^j.^. ^ a^ -g w^-j'' 
th« activation uner^iaa dacr«rasa with incraaaa in tha 
concentration of watar tnolacul#a v^araas a sU^iht incraasa 
in tha ramaining systan^ hava baan found* It ia observed 
that tha valuaa of L^ and ^/•^ incr$asa with incraasa in 
tha concantration of solutas. Such an incraasa may ba 
dua to a dacraasa in tha fraa voluese p^r molacula 
rasuiting in highar intar^tolacuiar foxcas. jn tha othar 
hand, a dacraasa in tha activation onargy in tha n^(:< u ) . , 
b. 22 fi2i>H2v> syttaos m^y ba dua to tha lowar intar-
molacular forcas causad by tha dilution of tha melt with 
tha addition of watar eioLaculas, Tha teei^aratur* 
dapandanca of tha activation anar^y has biaen aKplainad in 
tha l ight of intarmolacular forcas. ^ dacraasa in tha 
activation enar^ias for tha viscous and tha c^ductanca 
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floMS with tenp«ratur« cnay b« causod by the thermal 
expansion which rasults in an incraaaa in tha frea 
voluma of tha nadlum. Thla may, consaijuvntly, tha 
intarmolacular forces. Tha ratios CL /^E/S, ( labia 21} 
for a l l tha nalts undar examination are found to be 
greater than unity as has already b«an reported in 
several other glasa fortning melts and remain almost 
tenperature independent. The rat io [^isy/^/O ^1 •i>pe*r8 
to be due to the hi9her activation energies iox tha 
Btigration of the molecular species during the viscous 
flow than those required for the ionic faigration. 
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Applicability of Th* (:onfigur«tional entropy 
h'0(l«L to Th» Transport Behaviour of Hydratod 
^^oltn. 
80 
Introductlofi. A nod«l suggvstad by Adam and Glbb*^ in 
th« l ight of th« eonf iguratlonal •ntropy viim h«t bMn 
found to bo aoro sound In contrast to the vi«tw givon by 
tho frot voluno nodol. Tho prosont txporimontal data 
havo btton found to b« d«scribod b«ttar by this Biod«I« 
I t hat beon ropoortod that in tha study of tho 
• f fac t of prasauro on tha v i scos i ty and also on tha 
alactrical conductivity tha fraa volima nodal i s unafola 
to axplain tha transport propartiaa of hi<;^ly viscous 
madia. I t nay ba notad that suff ic ient lon^ tima la 
naadad for tha nolaeular relaxation to allow tha astabliah-
mant of an a<|uillbrluffi naar th« ^lass transit ion toi^ Da^ 
ratura in tha suparcoolad liquids* Thia incraaaa in tha 
ralaxatlon tlma <>n coaling a systaa wiaa found to ba 
asaociatad with dacraaaa in tha mudbar of availabla confi*> 
guratioRS in tha syetaai at low tMsparaturaa at which tho 
atiullibriusi antropy i s oxtraaialy ssiall trans Itlflm t«npa<-
ratura. Glbbs and DlMarrio^**"^ through thoir stat lco* 
nachanleal quasi l a t t l ca thaory suggaatad such a dacraaaa 
in antropy to saal l valuaa and resolvad tha Kautmann 
paradox of nagativa configuratlonal entroplaa at lowar 
tooparatura through danonstration of a sacond ordar transit ion 
at ths tanporatura. T whara tha confidurational ontropy 
81 
v«nish«t« B«iow Tg th« configuration*I entropy r«w»ins 
z«ro rather ac^itiiring m^anlnglots n«g«tiv« valuoi. Lloarly 
T^ has b«en caU«d tht »»ro mobiUty or th« l<io*tl glass 
o 
transition ttstporaturo bslow which no changa in ths int«rnal 
«n«rgy by naans of tha r©arrangoB»nt 'jf particlas into 
configuration of lowar potential anargy ara possibla. 
Gsnsrally tha glass transit ion tompsratura can ba obsarvad 
as an sxpsrittantal phonoisanon tha transit ion tossparstura, 
T i s found to bs s l i gh t ly hioh^r than T .^ The'Quasistatic• 
glass transition temperature T has also been considered 
at the temperature below which the molecular relaxation 
times are too long to allow the equilibrium establishment 
during the slowest experiments. 
This is an interesting idea that the liquid state 
characteristic which vanished at ideal glass transit ion 
temperature is the configurational entropy of the liquid 
rather than the free volume. 
The co-operative relaxation properties which depend 
on the temperature are calculated by the probabil it ies of 
co-operative rearrangements in the liquid which passes 
through the dynamic-mechanical or d ie lectr ic experinents. 
The above concept proposed by Adam and Gibbs gave the 
transition probabilit ies for the relaxation processes of 
82 
9lds« forming l iquids n«Ar th« glass t r ans i t i on t«iii|>ttr«iture. 
Th«y cofisicter t h a t « s«e^R©nt of the moUcales or thm t rans* 
lAtlonal motion of a pa r t i cu l a r molecule occJXft by the 
co-operatively rearranging re jion defined a^ a syiitein of the 
sample, v^iich upon « suf f ic ien t f luctuat ion in enerjy can 
rearr^ngwi in to another c a n f i ^ r a t i o n un^iffecteci by I t s 
surrounding. The co-operat ively re«»xrangin9 group or sub-
systen of eBlnlmun s ize w#s explained in terms of the (.macro-
scopic conflQuratlonal entropy. There Is only one ava i lab le 
Gonf i^ra t ion for the v^iole system ^t the qilass t r a n s i t i o n 
temperature. \d»m and Gibbs suj^^sted that saaLlest 
co-operative reqi^m must be th«»t involved in gre-^t extent 
of tran!»lti<m «ind the probabi l i ty of a co-operat ive 
rearrangetaent in a fixed subsystem is a function of i t s 
s ize and the expression for the avera<ja t r a n s i t i o n probabi-
l i t y idTiich i s v«ritten «iS (T) , by . .daai «nd jibbs is jivvn 
as follows 
"(T) - T. «xp[ - A ^ C A T % ] . . . i ib) 
e» 
where #% stands for the frequency fac tor , A/lLis the #nergy 
ba r r i e r of molecules per r;;ole itlna&roiinij the co-operat ive 
rearrdn^io«»nt, i ^ ' i s tne v r i t l c a l ccMifl<y^rational entropy 
which & rayion of the l inuid rnust pOsses in order t o atviexqo 
the co-operative rearrangenstjnt, k iu the Bolt«man cons tant . 
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and % i* ^ht configuration ffntr^y of the microscopic 
Th« •quatlon ( id) may b« trantfonMKi into «noth«r 
fom aft«r considering th« approxination in «i^ich 
s^ S ^Cpln(T/T^) and c i t a constant t#r« givsn a t , 
e • N A^-'-ic*/*^ 
w^ 'hars N la th« Avogadro nudt>«r ami a Is th« gat coiMtant* 
Iha rasulting aquation a»sun«<s tha forai, 
i ( T > « l ^ • x p [ - c/TSc] . . . (16) 
Iharafora, on aubstitutlng tha abova apprcmimatimi for S^ 
in aquation (16} , wa gat, 
ICT) m A • x p [ . c/T ACpVnd/T^)] . . . (17) 
Mhara ^ c i s tha change ia tha h««t capacitiaa at tha 
glass transition tanperatura and i t i s assueeiad to ba almost 
indapsndant of tasiparatura. ^quaticMi (17) can fuurthar 
raMfirittan as 
W(T)«A axp[;-kj/T ln(T/T^)] . . . (13) 
M(hara kj • c / A c^ ^ • N A^R \*/R A C^ 
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Th« abov* equation ( id) h«ift bevn 4NBpiay«d In 
r»Laxatlon proc«fts«8 in th« easas of highly vltcou* 
Media including tlh9 glatt faming msltt . Th« a<^ival«nt 
Gonductanct, tha f lu id i ty and tha diffusion a l l thasa 
transport propartiat ara ralatail t o tha avara^ jfO transit ion 
probability, i ( T ) . Tharafora, in ordar to undarstand 
tht tanparature dapandanca of f lu id i ty and conductanca 
•quation( 13} toay ba transfomad to the following form. 
Y(« ^ or A ) « Ajy ixp [^-»t2yA ln(T/T^)] (19) 
whara A^^ i» tha pra-exponentlaI pararaater* Tha aquation 
(19) which is •nt ire ly based upon the confit|urational 
entropy concept explains ftuccessfully the tenperature 
dependence of mass transport processes of supercooled 
liquids and melts. 
The present data have been analysed «nd discussed in 
terms of the confi*|urational entropy nodal in order to 
explain the transport behaviour of jlass finrming molten 
mixtures of £MHO^)^,t, im^X,Ld{m.^)2'^» ii^2^* ^^^'"^^^^2*^' ^^^^^ 
MglNO3)y t . ibM^O, ^n(^'^3Ij.«>.saH^o-H^n, and t d(^"^^h'** ^ 2 ^ 
MgCNOj)^ * ,^ l^ljO. The transport properties have been 
studied here as fusletic^s of lenperature and conc^ntrati<m. 
This e<HMation has also been employed in explaining the 
concentration dependence of f lu id i t i e s At%6 e<|uivalent conchae* 
tances of the syste«s under investigatimu 
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^»t^lt> ar>d Diacu«t;tffi|. Tht t«iNM7atuc« d«p«nd«nc« of 
f lu id i t i e s ftnd conduetancM (TabUt 3 to 6^  of a l l th« 
«yst««M undtr invattigation wat analyiadi by least-squaraa 
f i t t ing tha data to aciuation (19) . i^any sets of ^^*'ic2'*^o 
have b#en (Stained (Tables 72 to ?5) to describe the 
transport behaviour. The exponential paratseter* k^ Has 
been taken as almost constant. All these ^araneters are 
presented alon9 with the standard deviations in Ir^ and 
In A • The equation (19) h«s been c^^nverted into an 
equivalent linear form, ihe l ineari ty of the plots 
(fivjs.lA.21) of Iny against j/T InilA^,) emphasites further 
the applicabil i ty of et^iiationi 19). These plots corres* 
p<mdinq to dif ierent concentration are parallel to each 
other theririsy emphaslxing the invariant nature of the 
k^ term. The vaLu«s of the pre-exponential ter«« of the 
two ei|Liatio«is based upon the free volume and the confi^u* 
rational entrc^y models differ fro« each other due t^ the 
presence of a T^  term In the pre-exponential part of the 
forner equation. The configurational entropy eC|u«tion( 19} 
may be transformed into Dool l t t le type of equ8ti<m 
V A y^ oxpQ-kiVCv-V^)]] by applying the clapeyr>n 
equation for c_. j^uch a substitution of €„ in aqtuatlon 
(17) leads to the expression 
'(T) • V exp[ (-C din T^/dp}//Ao(( r-T^)j • A exp{-pAf) 
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v«h«r* V and ar« the moldr volunw ana chfing* in th« 
•xpitniion coeff ic ient , r««i>«ctiv«ly« Therefor*, i t 
seees th«t the ecmation y • ''*y^ ©xp ^ -kV( T-T^)] end 
ttquation(19) are of the sane nature and differ only in 
the approaches on ««hich they are bate<i. 
The concentration invariant nature of the k^y 
term may also be consider«^« In view of this model k^ 
term is 9iven by 
ith«re N i s the Avogadro nix^bert %* la the minloiyiB 
confi durational entropy which a region of Ii«|yiid muat 
posses in order to under^ jO the co-operative rearrangement, 
^ylCis the free energy barrier per mol of the part ic le . 
^ u i t the difference in the heat capacities of the 
glassy states and the l iquid, and n i s the giaa constant. 
The constancy of k^y term i s due to the parallel change 
in A'U-and ^C' • Consequently, constant values for the 
P 
k^ teria may also be anticipated like those of k term of 
the free volume t^odel* ©verdl «>0ts of param»ters, k^y 
and T for eqM»tion{ 19) are obtained *by selectlnci those 
values tMhich give almost constant values itxe the k^ term. 
The valutas of th^rse parameters are l i s ted in Tables 22 to 
25. The values of the k., arid the T„ terws of both the 
y o 
equations based on the free volume ana the crtnfiguraticmal 
entropy models are in >jood <»gx»mmt\t with each other i«hile 
the corr«spondin9 pre-exponential ternss Ay di f fer . 
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Th« pr»->exponential term A^ of •quation ( i9 ) 
hat bften found to d«cr«at« In stolt«n sa l t systttms, 
Cd(N)3)2»4.Uig'VMgi 1^)3)2,6. 13?^', M^n^^'^' HH f^J-
?n9(M03)2.6,16fS2 », and *:n(N<i3)2.6. le^ljO-i d(N>^)2.4, Ifl^ O; 
and incrtastt In ,:n\UJ^).,ti,72h^(>'H^O sy«t«a with an 
incff«at« in th« soluta c:>nc«ntration« This trend i s 
•ireiUr to that fox k tern. Th« concantration 
dapandanca of tha A t«ra of tha frea volume ROdal has 
bean explained in terms of m '^  dependence while in the 
case of /i^y of the confidurational entropy expreasion 
such a dependence has not been recorded* iuch a dependence 
23 haa been explairMid recently on the basis of the 
difference in l a b i l i t y of water molecules on the 
respective cations of the »e l t a l t h o u ^ such a reasoning 
appears to be les?:> convincing* /^ n alt«?rnative explanations 
has been given here throu^ indirect reasoning* According 
to the co»<H>arativ« rearrangeoient »odel the macroscopic 
system may be considered as an isobarIc*isothermal 
enseii^le of N indeperrfent, ectuivalent and d i s t ingu i sh^ le 
subsystems or configurations of /. molecules each* floi^ ^ver» 
a l l such subsystems may not undergo co.<^erative re» 
arrangement* Let n be the nuesber of configurations v«hich 
undergo such a co-<^erative transition* The fraction 
n/N may be written as , 
rv^ • e x p [ - ^ A . < 4 A T ] ••• (20) 
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Th« tmxm% involved in this •xprtttsiem h«v» their 
r«spectiv« significancvt d«fin«d in th« introduction 
part, Th« av«r89« co»op«r«tiv« transition prodbJM»illty, 
"(T) is C9ntid«red as proportional to th« fraction of 
configuration Mthieh (say undargo transition* Iha abova 
aquation may ba axpraa&ad as 
"(T) • A" nA • A" « x p [ - .: A / < I A T ] . . . ( 2 i ) 
vhora t^" is tha constant of proportionality* I t i s a l so 
su49«st«d that th« transition probability, ^(T) i s 
pr^ortional to tha relaxation tina {Vf}» on tha basis of 
cyrin<|*s sxprassion tha ralaxation tiawi, may bo givan as 
T • % •*? ii/ftT • • • (22) 
Tha terras H and T involved in thia axpratsion hav* 
their usual signlficancot. The s and tha 'X^ ara the 
activation ener^jy for the relaxation t i»e and the 
vibrational period of the subsystens in the e<|uilibriu@ 
position, respectively. Therefore, the average co-ope-
rative transition probability may be vAritten aa 
^(T)oC l / T 
con&iderin9 evimation (21) and (22) «ra 9«t the re lat ion . 
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Th9r«f9r«, on con^aring ^ « pr»*exponential terms A 
end 1/TQ WO may get , 
A"oC i /% • • • 123) 
rhe relaxation t i n e , 'y , the r ig id i ty moduLua, G, 
and the trenaport behaviour, i . e . , f lu id i ty , lii^  *, «na 
ctmductence, /\ , are related to each other by the following 
Maxwell*a equationti 
or 1/ T •» ':»y( •• ^ or A ) 
or l/r<3 - Y ( « ^ o r A ) . . . (24) 
U:iin9 the Hyrlng's expression eqM*^ion(24) we may express, 
Y(. ^ or A) - ~^7=r- expfrl/kT] . . . (25) 
in which T^ i s the period of vibration of the flowing 
ent i t i e s in the equilibrium position and li i s the Activation 
energy for the tranaport proceaa. H and T have their usual 
significances, on equating the expressions(19) and (25) 
wt may c^tain 
The above expression suggests that the /\^ term and 
depends upon two terms, i . e . , r ig id i ty modulus and the 
period of vibration of the flcMwing ent i t i e s in i t s 
ftCluilibriun position. The r ig id i ty ->£ the systeni i s 
expected to Increase with increase in coneentratiofl. 
Moreover, th@ transit ion probability decreases with an 
increase in cwicentrstioii. in other words, the period of 
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vibration of th« relaxing 8p«ci«& in i t s ttiiuilibriuii 
position ffl«y incr««s* with inor«4is« in concentration. 
Consaquently, a lin««r d»cr«aa« of the A y^ t«r« (Fig,72 a 
to c) is c^tainad in the taelts undar investigation 
except In the case of .inCt-Dglj.*). aang'^ -H^o systen whera 
an increase (rig.22»d) haa been recorded, "^ch behavieuirs 
(say be expressed as , 
^2y • ^oy ~ ^ly^ •*• ^^ ^^  
Where A is the pre*exponential tern for the pure solvent 
*nd M. i s gradient of the A^ against »ol;is (N) plots . The 
values of y^yf for a given systeoi have been found to be 
higher than those of ^ j^i/\* This inpl ies that the / w term 
decreases mc»re rapidly vtrith increase in concentration 
than that of A^ y^ ^ • This also suggests that the conduc* 
tance i s less prone to changes in the r ig id i ty or in the 
strength of interaction betweom «tM»ter and the respective 
cations of the »e l t than the f lu id i ty . 
The gla$8 transition tenperature T^ (Fig.23) a to c) 
has been found to increasa ^ith coficentrati<») in molten 
K.d{U^^^^A»lH^:i and >:rim^)^,t>, rTH^')^t^g{m^)^t, li>ti^J 
sy«te«s and decrease \ f ig .23jd) in Lniw:>^)^b,2^ijj •n^:) 
A.G.M. 
< 
(N 
< 
200 40-0 
MoiyoMg^"^ 
< 
< 
\ (a) 
\ \ 
109 sX^ (» 
1080 > ^ \ 
• — 0 \^  
106-5 0 — A 
1 1 
236-5 
2330 
N. 229 5 
1 1 ^ 
0-0 2 0 0 
Mor/oMg 
40-0 
2+ 
60-0 0-0 200 40-0 
Mor/oH20 
Fig.22 Variar ion of A2Yagainsr N(=mol%) for (a) Cd(N03)2-4-1H20-
Mg(N03)2-6.13H20 (b) Zn(N03)2-6.17H20-Mg(N03)2-6.16H20 (c)Zn(N03)2-6.16H20-
Cd(N03)24.1H20 (d) Zn(N03)2-6-22H20-H20 systems. 
A G M . 
^^ 
< 
.o 
MolVoMq Mo I % Cd 
H? .0 
b (d) 
\ \ o 
177:2 \ \ 
1767 ^ \ 
• -0 \ 
0 — A 
176 2 ^ 
1 1 
177-15 
17665 
^17615 
1 
^ 
2 0 0 
Mol % Mg 
400 
2* 
0 0 2 0 0 4 0 0 
Mol Vo H2O 
Fig.23 Var ia r ion oF TQ, y againsf N(=moleyo) For (a) Cd(N03)2 •4.1H20-
Mg(N03 )2-6.13H20,(b) Zn{N03 j ^ 6 . 1 7 H 2 0 - M g { N 0 3 ) •6 . I6H2O; 
(c) ZrT(N03)2 6 -16H20 -Cd (N03 )24 .1H20 , (d )Zn (N03 )26 .22H20 -H20 
sys^ems 
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systcns. Th* glass transition tsopsratura T^ has b«en 
found to Changs insignificantly <»ith concsntration in 
ths Cd(Ha2)2.4.1H2:)-Mg{r40^)2.t»,l^i20 systsois and may, 
thsrsfors, b« treatsd as concontratlon indapandsnt. The 
valuas of T. obtained froa tha free voluma and tha 
conf igMJTAtional antropy modals i^xm almost idanticaU 
This appaars to imply that both tha concepts of tha zaro 
fr^a voluaa as wall as tha zaro confifurational antropy 
at T yiald similar rasults. >evar<ii axpianations wars 
accord to such a variation of T with concantration An 
m ^ dapandanca of T^ on tha avaraga mass of tha ccmponant 
particlas of tha nelts may ba expactad on tha basis of 
tha corralatlon suggastad batwaan tha Dabya tasiparatura 
Q^ And tha T • In tha case of the present systaoNi^  under 
investigation the average Molecular masses have been found 
to decrease with concentration. Therefore, tha slight 
or an alnost insignificant increase in the value of 7 
with concentration in the case of L4ii:i0^)2»^» i^^2^ 
Mg(N t-}^.^. l3lfWJ «y»tems nay ba attributed to the ^ov« 
mass dependence relation of T^. Tha insignificant 
increase in the value of T may also be attributed to tha 
low solubility of Mg{W)^)2'<^» 1^2'-^ *" molten ^,n(ii)^)-»b, Jl7ri-0. 
If the added solute causes an increase In the ivvxAgt 
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molecular masft of th« system then the T^  value Is 
expecttd to decrease as In the case « l^th Zn(H)^}^*&.22^t. >• 
rij) systesw Such a trsnd It accordanca with the vlaw 
expressed by Angel I and K>oynlhan« The m" dependence 
explains only the (jualitatlva nature of the ch*n|e in 
the 9lass transition tenperatura % t^h concentration* 
htdverthelass, the extent of Huantltative changa may not 
be predicted. This d i f f i cu l ty appears to be resolved 
partly if the linear plot of T^  against concentration Is 
pertinent to extrapolation. In csolten mixtures of 
Znim^)2.6. i<^j0.t,d{NO3)2»4, iHjO, c:d(m^)^,4. m^o -
the T^  valuas are found to be additive in n^aturo and o 
may be oxprassed as , 
^o • " l^ol * ^7 ^02 
* hero m^ and m^ ara the RK>1 fractions of tha solute and 
the solvent, raspectlvely; T^ |^  stands for the 9lass 
transition tenperatura of the solute v^ile T 2 i^^ that 
of the solvent. The same trand has also been raported 
in the cases of binary mixtures of alkali metal nitrataa 
in Bjolten Cii{H<> )^Ati^)t Ci^iio^)^4H^)-^mo^ ©elts and also 
in the case of CalN03)2.4H^ri.Cd(N'i2)2»**fW^ ffielts. 
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Th« coh«slv« en«£gy of the couLoinbic int«rActi<)nft 
appears to bo r*tpon§lbl« for th« iin«»r vierlations in 
r^ values. A linear relationship was «)btaine<l for o 
c&i'-ij^)^ iQiO Belts between the T^ am* the cationic 
potential. The cationic potential i s defined a s ^ *^i**i/ri» 
Mfhexe H^ is the concentration in eol fraction of the 
cationic species , z.]^ i s the cationic change and r | i s 
the cationic radius. The T^ values of several pure and 
mixed nitrate system have b##n f'3und to f a l l on this l ine 
dnd i t s txtrapolatioA to xero cationic potential gave a 
value of about 80- lCC\ fox the T^  which !« comparable 
with those of the laolecular l iquids. • i'ioreoverv for 
fused salts having anions other than nitrate ions» /uigell 
suggested s ia i lar linear relationship with different 
s l i c e s . However, such dissect ion of total coultwibic 
potential of the systeia into cationic and anionic potentials 
and the Interpretation of T. in terms of forater appear to 
be sound preferably In ionic a»elts. The ionic species 
play %t\ iffip^tant role in determining t ^ glass transit ion 
tei^eratare of a systesi as h«ts bti&n observed? The above 
correlation of T^  with the cationic potential hardly take* 
into consideration the contribution of anionic species tind 
seeos soii>eh<M», feaalble only in systefls having consimsn anion. 
In the hydrated ne l t s the cations appear in the h^rated 
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fdxa and iha nitr»t« and the chlorld* ions h«v« • 
t«ndi«ncy to associate with the proton of w«t«ir fnoLoeules 
co*ojrdinatsd to the cation. Such type of association 
generally lowers the configMrational entropy of the systen 
thereby resulting in hi9her T^ values for hydrated laelts 
than the corresponding aqueous solutions* Iherefore* very 
ionizati^i laay be anticipsted in the hydrated iselts and 
consideration of T^ through the cationic pot«ntial alone 
appears to be unsound* Furthermore, based an the above 
correlation of T^ with the cationic potential either 
identical or s l i gh t ly higher T^ value for C4{HQ^)^,mj) 
may be expected than for c9i{H0^^4Hn owing to the fact 
the cationic charges radius ra t io f^r the forater» i * e . , 
0.536 i s s l i gh t ly higher than that of the l a t t e r , i . e . • 
o*533» This argMOMrnt i s contrary to the observed fact 
that the values of Tg as well as TQ are lower for the 
CdtHO-)^,^*^!) iBelt. aecentiy /vngell and Helj^erey'*'* have 
also found that the T^ values a s s i ^ e d to alkal i aeta l 
nitrates on the basis of the catitMi radi i and the anion-
cation radius sums are s i ^ i f i e a n t l y different frost the 
a c ^ a l values of T^  and Mmt9 found to depend ins ign i f i -
cantly on the cation type of alkali metal nitrate* 
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In 9«nttx«l» cofic«ntr«tioii d«p«fKt«nce of th« glass 
transitidci t«ap«r«tur« amy b» Msrittcn M . 
o 0 (0 ) - ^ y 
W'h«r« T^(Q} stands for the glass transition tas^saratura 
fox tha pura solvant and u^y *^ ^^* slapa of tha plot of 
T^ sgsinst N (baing In mol" )^, Tha conf irrat iona l antropy 
of tha systae Is axprassad as 
% • Cpln (T/T^) 
According to tha ^ova axprassion at aqual vsluas of r/T , 
tha configMrational vntropy of tha systan «ay bacossa 
constant by prasuming thst Z^ C • tha diffaranca in tha 
h«8t capacitias of tha liquid and tha glassy s t s ta i s 
alaaott invariant of cwicantration and Is knoMi «a tha 
isantropic condition. Tha plots of tha f l u l a l t i a s ar»d tha 
conductancas against concantration at constant I / I^ ara 
known as I'saudo-isantra^s. 
By accounting for tha concantmtion dapandanca of 
tha indlviduitl psrasMtars, tha Adan and iibbs a(|uation 
may bt transforraad at constant T/T^ • C to tha forts. 
Y(« J# OTA) • (A^y ± Uj^ yN) «xp[-k5y/(T^(^ji (^^0 ( l n c ] , , , ( 2 8 ) 
In V4hich k^  has been tskan *»s concantratJon indap#nd«nt 
tans. 
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Th« f lu id i ty iiyd tv>i» conductatK* ct«it« air* computed 
f i r s t at constant c from •quation (19) in th« expcriRHintal 
raing* and ar« inturn l«d8t»sQuarts f i t t«d to the •qu«iti(m 
(2a). Iha modifi«d •xpr««sion ha« btf«n us«d %X C • !•? 
fOf th« «y8t«lM, ^iH}^)r^.t,nii^0^kq{rV:^)^.t>,mi^:), And 
..n(N<j3)2»o«i<>*V '^"'^ ^^ '^3^2*'**^2^^ *"** «t C • 1,5 and 1.8 
far mm)J2*^'^^^'^^^7' *"** Cd(N02)2-4.1li2'->-^ '.9(?<'> )^2«<»«13J<2'-! 
• ystamt, r«tp«ctiv«ly. iv«as<m«bly good f i t s have b*«n 
obtainad as apparant fron Tab las 7t* and 27. >uch f i t s hava 
b«m\ also ol)tainad for othar valuas of c ranging beturaan 
Ub and 2.3, Using tha sajTs* valuas of A and T , ^ as 
thosa obtalnad as intarcapta of tha linaar plots of A^  
^ y 
^ , and T^ va, N, raspactlvaly* and k^y valuas of aquation(19) 
tha bast f i t paranetars ^%^ and M^ of aquation i7B) ara 
found to b« in good agraam^nt with tha slopaa of tha plots 
of Ajy and T^ against N Un rool^). Tha abova equation 
hat b«>an raarrang^d and th« data plot tad as 
l,C/ln[^y(« ^ or A )/U^oy 1 "^ly^^^l ^9*in«t M(raol:i), Tha 
ras'iltinrj linaar plots (Fig. 24) support further tha 
faas ib i l i ty of anuation (2ti) in axplaining tha concentration 
dapandanca of tha f lu id i ty itnd tha conductanca data fsxr the 
£%$tarns undar invastigation. I t i s intarast inj to nota 
thst the abova a^^uation may be anployed ovar a wida ranfja 
of taisparatura v^ithout dapending on tha T^ valuas of tha 
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puro solvent dnd that of th« tolut* a» \^& th9 cas« 
with «arli«jr (»(|uatl<ms. 
rh9 energies of activation have t>@*n obtain«d in 
« m«nn«r siallj^r to that ^iven in chapter 11 «inci th« 
computed valuoc 9X9 l i s ted in Tables 28 to 31. These 
values are conptirabie with those obtained fr<Mn the VTf 
eHMStion* 
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jf^tyoductiffn. I t i« an Mtablishtd fact the t««p«ratur« 
di«p«nd«nc« of v i scos i ty of Iic|uid» i t of thr«« kinde. v i z , 
( i ) th« high t«inp«ratur« Arrheniu* bohavlour, ( i i ) non-
nrrhenlut behavioiir at intermediate temperature T»nt^, and 
( i i i ) the low tenperature Axrhenius behaviour a& already 
flMKitioned earl ier . From the past several years, attenpts 
were eade to describe the noiv/xrhenius temperature 
dependence of vi8c;os»ity and conductance. The equations 
batvtd on the concept of the free volume, and the configiu-
rational entrc^y mode Is adequately describe the transport 
behaviour of 9iass iaxminq tooiten »alt mixtures and fused 
liialts in the non>/vrrhenius region* However, they a l l fai led 
Mhen applied to explain the transpoort behaviour ov^x the 
entire tenperature X'nn'^ from very h i ^ teiaperatore to T». 
It was evident from the ultrescmic spectroscopic measure* 
ra^nts on OKide g l a s s e s ^ and 0,4 08(^^0^)24 0,6 K?i „ melt^^ 
that distribution of relaxation times, g ( l n T ) v^ as lotj-
jaussian in t i a e , and the is tr ibutlon of activation 
energies, gC :} was Gaussian, These distributions of the 
activation energies, g(£) and the relaxation t ine , gClnT) 
were narrow in the high temperature .rrhenius region* HS a 
result of loi^ring of tenperature the distributi<M) laarkedly 
broadened sMt^ ile the activation energy, £ xenained tenperature 
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invariant and the probably relaxation tima» remained 
Arrhennian, Therefore, we reached the concluaion that 
the non-zurrhenius viscosity behaviour was <iue to the 
broadenin9 in gC t.) and g d n T ) v.^ ich resulted in the 
appearance of higher as well as lower activation energies. 
On the other hand in the free volune model and the 
confidurational entropy concept a loss in certain diffuaing 
degree of freedom or souse increase in the co-operative 
behaviour as the teiaperature is lowered thereby causing 
an increase in the average activation energy generally 
account for the observed non->vvrrhenius behaviour. HOMever» 
these theories can hardly account for the presence of 
l<^^r activation energies. 
The contribution of rigidity to the viscous flow 
ought to be taken into onsideration in liquids in the 
supercooled region ^ere their properties approach those 
of solids. Such a relation between the viscosity and the 
rigidity of liquids was propOi»ed by Maxwell, .v model was 
developed by SiBwaons and Macedo by correlating tho 
distributions of relaxation time and activation energies 
to super critical fluctuation theory of Ornatein and 
ernike and was termed as environmental relaxation model 
iE.H.M). Ihe tranepoart behaviours of the binary melt 
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0,4 ( a(No ) 4 0,6 KNO- was explained satltfactoory by 
Tw«er ot al"'^ with the halp of th l t mod«l,Xh« iI.H.M. 
i s applied to molten sa l t taixtures, oxide rjlassea and 
to organic liquids over the entire range of temperature* 
The aim of the present investigation i» an 
attempt to deraonatrate that the i:«rl.M,atay provide an 
improved ba»is fox the explanation of the transport 
behaviour of ylaa& forming molten mixturea even i f the 
temperature range i s limited* The conductance and the 
v iscos i ty data have b«en analyzed and discussed in terms 
of the envirore»ental relaxation model in order to 
explain the transport behaviour of the glass farming 
melts under investigation, 
i^ata ,/\n|at,yf;^ |^  According to the environmental relaxation 
model the eciuation for v i scos i ty and conductance are of 
the following form^ 
lm|^« ln(<3oo A) 4 "L/uT + J^  < .^f^>/ i'^T)^ . , . (29) 
In A - -Ia( .09 /OA -1 / , /HT- }^  <AS^>/ (riT)^ . . . (30) 
where G oo i s the shear modulus of the melt, A i s an 
et^lrictil parameter, H i s the gas constant, and ic: i s the 
average energy. The term ^ ^ £"^ > i s the variance of 
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jausslan distribution of activation oncrgivt arround 
th« avarag* energy and is axpraasad as 
<^E^> - C^HTJ^I/ U • t^)] ^ ^ ... (31) 
in which Cg is an aapiriciil paranatsr «^ )ii« ^ ia givon 
aa 
(. m T^l {T) ... (32) 
whara r^ is tha rftncia of th« atructural interaction for 
the relaxation proeesa and ..(T) i s the s ize of tha eticro* 
structure ftt any temperature* The temperature dependence 
of Ul) was given by the equationt 
4 T ) - l / ( r /T^ . i )^ . . . (33) 
where 1 i s a constant* Therefore, enay be luritten aa 
£ . £^(T/T^.i)2 . . . (34) 
whera 6^ represents the rat io of r^ to I. Therefore, the 
substitutiMi of equation (31) and (34) In the above equation 
(29) «nd (3C) y ie ld , 
lm^^« ln((i ooA) 4 [ ' L 4 ( ^ } c ^ ^ l / ( l * ^^ ) \ ^ ^y^^ 
or iny^' I M Q d a . y [ 1 ^ . ^6 C ^ A T ^ * ^ ) ( T - T / ) ] IMT 
. . . (35) 
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and similarly we nay write th« (txpression for th« 
conductance b«h*»viour a«, 
l n ^ . . ln( l^A}^ . [ H^4{ }^  )c^ T J / ( T J * ^^^ iT.T^)T J / K T 
... (3t>) 
The apparant activation t^ nargias may be obtalnad by 
diffarantiating aquation (35) ^ ith raapact to invaraa of 
tao^ a^ratura. Therefore, naglacting both tha tanparatora 
dapandant tarBS» G^ and t, tha abova diffarantiatad 
axpreaaion may raprasant an apparent activation energy 
for tha viacoua flow. Eo^  may therefore be written at 
Similar expression for an apparent activation energy for 
conductance, E /\ 9 may also be c^talned. 
rhe experimantal d^ ita of viscosity and cotiductance 
of molten i<iiH€)^)^,4,m2<^ - Hg{Hi}^)^,b, iz HjO and 
iniNOj^ ) ,6,1^20 . t dtfK^)^***^^ ^^^^ ''®*" least-squares 
fitted to aquations (35) and (3b), respectively. The 
apparent activation energies obtained from the free volume 
and anvironmantal relaxation models AT^ compared, ror the 
satce of comparison the apparent activation anerjies (c.H.fO 
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at wtl l «t th« c(Krr«*ponding vtliMS obtalnvd from th« 
VTF •quation ( Flgur« 23 and 26) against t«mp«ratur«. Tha 
computad valuas of tha rolavant parMoetara hava baan Listad 
in Tablas 32 and 33. Tha llnaar plota of T IniT /^GgA) and 
T l n ( l / / \ 3 ^ ) against 1/(1+ (T) «h(mn in Figura 27 
amphasiza tha faaaih i l l ty of the ianvlronmctfti raiaxation 
modal in axplaining tha tactparatura dapandanca of tha 
transport behaviour of iii{m^)^4,\H2} ''^Aqim^)^,^*,!^^') and 
^:n(Nf)2)2«*'»i^ ^2'^  -t d(N')2)2.4,lti2 ) syatatns ovar tha 
tamparatura rangaa 343 to 383 and 313 to 348*^, respactivaiy. 
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piscut8lofl> Frenkel suggttsttd « relation between th« 
v iscos i ty «nd the equivalent conductance for molten a a l ts 
v^ich may be written aa 
n 
A T ^ • conatant (c) 
or tiln/\ * In Ti « Inc 
or In A - - ^ • ^^ . . . (3a) 
n n 
vi«h«x« n haa be«n found to be the ra t io of the activatlcm 
energies for viacoua to conductance flows. The linear plots 
of InT^a^ain&t In A having negative slopes equal to n 
emphasize the appl icabi l i ty of thia equation. The parar.«texs 
of equations (35) and (36) for v i scos i ty and conductance, 
respectively can b* compared using Frenkel equation.There<-
fore* substltutinc} the value of In 7}^  from equation (35) 
in Frenkel equation (37) itm obtain, 
r ln(aa>H)^ Inc I r - c - , _ . , 2 
^T-T^)"*/! ] / n . i T . . . (39) 
)n comparing it with that of equation (35-, It may be 
noted that 
or ln(Gf»-)^-^ [ ln^( .,^ -vI / c\] 
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and E/s, • Si ''' " 
or in / A^ " " ••• '^*^ ^ 
3/2 
.ox*ovr, c^^Lr//^T/ * Gi (1.1^)^}] . C ^ ^ [ T / / 
iC^e^'T-v^n^Vn 
- I C * -^o^  ^^-v'J/iC^ '^-^ ^^ -^v'] 4-1 3/2 
At l«w t«mp«r«tur«« T Ci: T ,^ to th«t , 
wh«r«as« at high t«np«ratur««, vciuation (42) may b« 
slopiif ivd M 
&o/^/^o>,^^ < V / " ^ A ) ( c ^ ^ / c ^ ) . . . i44) 
i t i s apparent from Tdbl«s 32 and 33 that th«c« ic 
» clos« res*nyt>l^ nc« b»tw«9n the values o£ {^^ / 6 ^ ) 
w A Off 
i*nd those of t^ / 1^^ as »how« below. 
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vi^luh i s not simildr t-j th« derived «4U6ition (44). ihe 
co-operative migration ap'^ajcs to suyig^st tha t the flowing 
e n t i t i e s taking par t in visaous and onductance flov#s ar« 
of siiBiUr s ize and s t ruc tu re v^ i le the a i f ie rence l i e s in 
tn(»ir driving forces . The dr iv ing forces w^ich are 
responsible tor the viscoue <ind the onductance flows are 
the sheering and the e l e c t r i c a l s t r e s s e s , r espec t ive ly . 
iocent model suggested by suslc i^rvi * antus for the 
t ranspor t behaviour of nt I , t»nd -^niirj, laelt* e l so postula tes 
Ident ical migpratlng species for the viscous and the 
conductance flowt; and the s>r0>ence of such predicted species 
hav9 been evidenced by the ^aman s tud ies . Therefore, i t 
may be visul ized tha t the s ize of the r i lcrostructure 
remains ident ica l in both the processes so t ha t equati9n(4b} 
may be converted to 
Ihe glass t rans i t i^ f i tem^jsratures for v i scos i ty 
and conductance, 1' ^ <»nd T ^ respec t ive ly are alsi(M(t 
..imiiar to each other in the case of CdiM 3 ) - . 4 , Jii^O -
MgiN „)2. t», ISMJ) while they are equal in Zn{NO )2. b, Ifeii^ u 
Cd(NO )^,4. lf^ p ^ systems. This Implies tha t the- occurence 
of relcrostructure is Irxie^-jenoent of the method of 
tTieasurement. 
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it is apparent from the equation cit«d abov« that 
th(3 rango of Interaction for tho viscous flow is ^mdllsr 
than th««t fox tho con<iuctanc« flow* The rt^lation 
o^TI ^ ^OA * '11 '^  'A s"99«»ted by T^ e^er et «I it contrary 
to the view given by the i^ova e«4uation(4t>). uch contrary 
ttxpresi^ions m«ty be due to their as<»umptlon that the tvi«o 
processes were different and involve different relaxing 
species, therefore, tht^ ir ranges of structural Interactions 
are also different. The relaxing species are same In the 
two process. Therefore, one nay expect different ranges 
of structural interaction due to the fact that these 
species encounter different stress during viscous and 
conductance flows, i.e., the shearing and the electrical 
stresses for viscous and conductance, respectively. Now, 
it way be stated that the higher activation energy for 
the viscous flow msy be due to the fact that the range of 
interaction is si»4»lier for this process. It arcjues thwit 
due to snaller range of interaction in viscous flow the 
confi9uration available for the co-operative rearrangeoent 
or relaxation may be less thereby causing a decrease in 
the pr<*abllity of relaxation during stich a flow. Therefore, 
the hel^t of energy barrier opposing the relaxation 
process isay be increased, "m the othor hand, the larger 
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ranf* of structural interaction for th« conUuctanc* flow 
cau8«s larger niAiib«x of microstractur«t as available for 
this ralaxation procass than thosa for tha v i a o u t flow. 
Consequantlyt the probability of r«laxation during tha 
conductanca flow may ba largar dua to tha ava i lab i l i ty 
of largar mj«dt}ar of c-'snfiguratlona for co-oparativa raarranga-
mint and on« may, thersfora, axpect a dacraaaa in tha 
haight of tha energy barriar* Iha diffarence in anargiaa 
for th« viscous ana th« cntnductanca flows i» only to thair 
diffarant rangae of structural intaraction* 
Tha activation «n9rqi99 (Tabla 34) obtainad fro» tha 
anvironsewntal ralaxaiion raodel for tho d«ita undar invaati-
gation appaar to show a poor dgreaiaent with thoaa obtainad 
from tha Vogel-Tamnan-ail char aquation. This aaphasizaa 
tha draw back in tha appl icabi l i ty of tha ^nvironmantal 
relaxation nodal. I t has been found th« glass transit ion 
t«mp«x«turas» I c^tained ftym tha fr«a volua>«» tha 
con£irrat ional antropy r^td the environmental relaxation 
ntodalft are almost ec^al to each other* 
Finally, th« fai lure f^ this nodel has a l so b#en 
37 pointed out recently by others. However, the suggestion 
18 
of Howard" to the coisrsent f>n the application of the 
environsmntal relaxation model to temperature dependence 
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of transport properties raised by >inijh and Uarbari 
eoiphaslztts the correctness of the £.*H.M, Therefore* 
a detailed study is essential in order to check the 
feasibility and the correctness of this model at applied 
to systens which cover the transp<Mrt data over a t^ ide 
range of temperature. 
f¥-1^iimi^ 
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'^ » Dgteradiftiofi of Vl«c<»ltv. Viscosity implies 
resistance to flow. The resistence that one part of 
» liquid flowing with <wie ve loc i ty offers to another 
part of the liquid flokdnq with a different ve loci ty , 
i s known as v i scos i ty , .alternatively, v i scos i ty asay be 
defined as the force of fr ic t ion between two layers 
of a liquid movinq past one another with different 
ve loc i t i e s . The reciprocal of v iscos i ty i s cal led 
f lu idi ty and is denoted by ^, The force of f r ic t ion , 
f opposing the re lat ive motion of two layers i s 
proportional to ,^ the area of interface between theei 
and also proportional to the veloci ty gradient, j ^ 
between the two layers. Therefore, the tangential 
foarce of fr ict ion (f j i s given at 
f o ( 3 . ^ 
n^ereii i s the pr<^ortionality constant, depending upon 
the nature of l ic^id and i s known as the coeff ic ient 
of v iscosi ty . 
Hence 11 • f ^ 
here f/s the force per unit area is called as 'sheatr 
stress' and |^ is the rate of shear. From the aliove 
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equation i t i s clear that the unit of v i scos i ty i s 
fya/cm/s^e and i s denoted by 'poise ' . 
The method contnonly employed i s based on 
'o i seu i l l e ' s v^lch gives the rate of flow of a liquid 
through a capil lary tube and i s expressed by the 
equation, 
M e^re V is the voluae in c .c . of the liquid flowing 
through a narrow ti^e of radius r cm. and l e n g ^ L en. 
in t seconds under a hydroetatic pressure of P dynet 
pex square centimetre and '»^is the coeff ic ient of 
v iscosi ty in poises, .^ince the hydrostatic pressure 
of a liquid colunsn i s given by hfq where h i s the 
height of the liquid column in the viscometer, /^ i s the 
density, and g i s the acceleration due to gravity. 
Hence qn • —X-i..n-1-a-. « ^ Bt 
^ 8 VL 
v«here B • TT r gh/8VL and is termed as viscofneter 
constant. The value of h will be the same in both the 
cases since equal volumes of both the liquids were 
taken and they will stand at the same height. Therefore, 
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for Liquids 1 and 2, 
Thi* expression jives v i scos i ty of the t e s t l i q u i d , i 
with respect to the reference l iquid, 2. 
-^ «^ >Jeteriaination of iauivalent conducfnc^. onductance 
i s defined, as the reciprocal of res istance, that i s , 
C « l/ii 
It is expressed in the unit called i&hos* The specific 
resistance of a material is de^fined <^ B the resistance 
of a specimen of the naterial of 1 ctn length and 1 
squar* centimetre in cross*section. In other words, 
specific resistance is the resistance of a centimetre 
cube of the material. The reciprocal of specific 
resistance !•«•, l/"^  is called the specific conductance. 
It is expressed in reciprocal ohros or rahos, and Is 
denoted by k. Thus, 
I: • l/S 
equivalent conductance is defined as the onducting 
pOMwr of all the ions produced by one gram equivalent 
of are electrolyte in a jiv*?n solution, it ia denoted 
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c 
by A • PJtOBJ specif ic conduct«>nc« V , •quivalent 
weight «, and density f , th* oqulvalont comductanc* 
/<^ , was calculated using th@ oxprasslon 
whexa V« i s the equivaL«»nt voiuiaa of th« molten tftit 
in c«c. For th« mixtuiras of molten sa l t s aquivalttnt 
conductanctt i s given aa 
^ ' ^} (2) 
y^9r& 9 i s tha mean equivalent weight calculated from 
the equation e » >^\*\ * *?*2 vrfiere x, and Xj «re the 
equivalent fractions and Si^ao *^'''' ^^* equivalent 
weights of the coisponents I and ?, respectively, 
• .;\Ctivatiop t-nergy Jjopj %h/e rrefc' Volvigie /v.odej^ . The 
r.rrhenius equation for v i scos i ty can be written as 
1^ • A* ilxp ( H/IT) 
• / i e 
The above expressi<Ki can be Mritten for both the 
f lu idi ty and the equivalent conductance, tience. 
Y( • / or A ) » M exp Q- u^iT ] 
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«r In y • lrv\ - EVHT 
)n diff«r«ntlation with r*sp*ct t'> th« inv«rs« of 
ttnparaturt (T*^), w» get , 
- ^ ^ . . . / . . . . (3) 
Acording to th« froo voLuate aiod«l th« •xpr»ssion« 
for th« f lu id i ty and the •qulvalent conductance ar« 
of th« typ«, 
Vt- / ox A ) • Ay r'^ £xp[-ky/lT-T^;] 
or In y » In Ay - V InT - ky/CT-T ,^) 
On differentiation with respvct to the inverse of 
temperature (l /T]» we get , 
f(^ff -III -"/'I-^ol^lf^ — '") 
Comparing equation (3) cind (4 ) , we have, 
or Ey/ft » [ky / (T-T^)^ - 5^-] T^  
Therefore, the corrected activation energy may be 
written a«, 
^ c o r r ' S " ^ " <^y[V{T^r^f ... (&) 
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The expiresslon for th» f lu id i ty and th« •qulvalent 
conductance basad on the confiQUxational entropy laodel 
may be written as 
\(m gf ox A ) - Ay Exp^^kgyA In(TAo)] 
or In y - In Ay - k^y T In (l/T^) 
On differentiatiflffi with respect to the inverse of 
temperature ( l / T ) , v^ have, 
—7\i}{\^ - - St-^^ * "^ (T/T )^}/{lntT/T )^ ^J...(6) 
i oai|>arln9 equation (o) with that of ( 3 } , we 'jet, 
-EyA - - k s y t ^ l * In a / T o ) } / ^ l n U / T o ) } ^ j 
The confijurational e n t r ^ y expression for f lu id i ty 
and equivalent conductance at coi^tant 1 V T ^ ) * C , may 
become on differentlatiori with resjaect to the inverse of 
tenperature ( f ) , 
d (1/T) ^y 
Therefore, activation energy, u^ «t constant T/T^" C 
y 
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aay bo written as , 
Ey « ak^y / ln{T/T^> . . . (8) 
E. ciCiyj^ftUim-iift«£3y:i^iJ^^ T*^ « express ion 
for v iscot i ty and equivalent conductance based on the 
environmental relaxation model are of the t ^ e , 
and In A « - Inl G 00--0/^  - [ ^^ A "^  'i 
"-oA'X * C''-To)'')3''''J/'T ...IK) 
rh« equation ( 9 ) , 
and differentiation vjith respect to the Inverse of 
teiii|>eratur« ( T ^ ) , y ie ld , 
5 U 7 T T a ^ R L^ dx J 
^ e r « u « r~ ^-^-^ .-;^ ^^  >-~- 1 
^o^^ ^>^ * ^ - ^o^' •' 
1 "^ ^ V o A I ••• \1X/ 
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